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The  reports  contained  in  this  document  were  prepared  jointly  by  Conoco 
Coal  Development  Company  and  Stearns-Roger,  Incorporated,  as  partial 
fulfillment  of  the  Department  of  Energy  contract  (EX-76-C-01-1734)  for 
the  development  of  CO2  Acceptor  Gasification  Process.  Each  report 
normally  covers  the  operation  of  the  CO-  Acceptor  Process  Pilot  Plant 
for  a  single  run.  Some  runs,  however,  nave  several  parts  (A,  B,  C, 
etc.)  and  occasionally  two  or  more  runs  have  been  grouped  together  in  a 
single  report. 

The  reports  are  informal  data  reports  which  were  written  shortly  after 
the  completion  of  the  respective  runs.  The  reports  serve  the  purpose  of 
recording  the  objectives,  accomplishments,  and  problems  encountered 
during  the  pilot  plant  operations.   Operating  data  are  also  often  pre- 
sented. However,  these  data  are,  for  the  most  part,  presented  as  a 
matter  of  record  since  the  inclusion  of  heat  and  material  balances  and 
the  analysis  of  the  data  was  not  part  of  the  scope  of  the  run  reports. 

Prior  to  Run  16,  no  periods  of  truly  steady-state  integrated  plant 
operation  were  obtained  for  which  heat  and  material  balances  can  be  cal- 
culated.  The  development  of  a  reliable,  standardized  startup  procedure, 
the  solving  of  process  and  especially  mechanical  equipment  problems, 
were  the  primary  concerns  during  these  early  runs. 

Much  needed  process  data  at  steady-state  conditions  were  gathered  during 
the  later  runs.  Detailed  heat  and  material  balances  for  selected  runs 
are  presented  in  Volume  12  of  the  Final  Report.  Some  discrepancies  will 
be  found  between  the  data  presented  in  the  run  reports  and  the  heat  and 
material  balance  results.   For  example,  the  acceptor  circulation  and 
gasifier  vent  rate  presented  in  many  of  the  run  reports  do  not  agree 
with  the  heat  and  material  balance  values. 

The  run  report  acceptor  circulation  rates  are  based  upon  the  acceptor 
lift  line  pressure  drop  and  are  considered  to  be  only  an  approximation 
of  the  actual  acceptor  circulation  rate.  The  pressure  drop  derived  cir- 
culation rate  served  as  a  guide  to  the  plant  operators  and  provided 
trend  information.   Because  of  the  severe  temperature  and  pressure 
conditions  in  the  process,  the  acceptor  circulation  and  also  the  fuel 
char  rates  cannot  be  directly  measured.  These  rates  can  only  be  ac- 
curately determined  via  detailed  heat  and  material  balance  calculations. 
A  mathematical  model  of  the  process,  which  is  embodied  in  the  form  of  a 
computer  program  was  therefore  developed.  The  model  values  for  the 
acceptor  circulation  and  the  fuel  char  rates  are  presented  in  the  de- 
tailed heat  and  material  balances.  These  rates  are  considered  to  be 
correct. 
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The  measured  gasifier  vent  rates  (product  gas  rates)  contained  in  the 
run  reports  are  generally  lower,  and  often  much  lower,  than  the  mathe- 
matical model  values.   There  are  several  reasons  for  this.   First,  pro- 
cess flow  measuring  instrumentation  was  often  fouled  by  the  small  amounts 
of  char  fines  and  liquid  water  contained  in  the  vent  gases.   Secondly, 
undetected  process  leaks  from  valve  packings  and  from  vessel  and  piping 
flanges  represent  sizable  losses  in  the  available  vent  gas  quantity  to 
be  measured.  The  actual  vent  gas  from  the  gasifier  is  better  repre- 
sented by  the  mathematical  model  value  than  by  the  measured  value. 

The  above  examples  point  out  that  consideration  must  be  given  and  judge- 
ments made  concerning  the  use  of  certain  process  data.   The  philosophy 
with  respect  to  data  analysis,  has  been  to  use  the  mathematical  model  to 
match  as  much  as  possible  the  measured  process  data.   Differences  be- 
tween the  model  results  and  the  measured  data  are  resolved  by  the  re- 
examination of  instrument  records  and  the  pilot  plant  logs  or  by  mod- 
ifying the  model  where  necessary. 
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RUN  28 
AUGUST  26  TO  SEPTEMBER  27,  1975 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 


SUMMARY 


Run  28,  which  was  conducted  in  two  parts,  was  the  most  success- 
ful run  to  date  in  demonstrating  the  operability  of  the  CO  Acceptor  Pro- 
cess.  The  run  featured  the  use  of  a  locally  quarried  acceptor,  Minne- 
kahta  limestone,  and  Velva  lignite  feedstock.  The  major  accomplishments 
were:   (1)  the  successful  demonstration  of  plant  operability  using  lime- 
stone acceptor;  (2)  the  demonstration  that  the  use  of  pure  steam  to 
fluidize  the  recarbonated  limestone  did  not  adversely  affect  plant 
operation  in  any  way;  and  (3)  the  acquisition  of  steady-state  operating 
data  during  balance  periods. 

The  initial  run  in  the  series.  Run  28A  (August  26  to  September  1, 
1975)  ended  prematurely  due  to  a  gasifier  boot  upset.   The  origin  of  the 
upset  was  solely  mechanical  in  nature  and  was  due  to  the  failure  of  a 
purge  gas  valve  which  keeps  a  positive  gas  flow  between  the  spent  ac- 
ceptor withdrawal  hopper,  F-213,  and  the  gasifier  boot. 

The  run  was  not  of  sufficient  length  to  achieve  steady-state 
conditions  for  which  heat  and  material  balance  data  could  be  obtained. 
However,  the  startup  was  smooth,  and  operations  had  progressed  past 
the  stage  at  which  all  the  air  was  removed  from  the  gasifier.  Approxi- 
mately 50  percent  of  the  original  dead-burned  dolomite  had  been  replaced 
with  fresh  limestone  acceptor  prior  to  the  shutdown.   The  limestone 
activity  behaved  as  expected  and  was  equivalent  to  that  of  dolomite 
when  based  upon  the  amount  of  CO  absorbed  per  unit  mass  of  stone. 

For  Run  28B  (September  12  to  September  27,  1975)  two  balance 
periods  of  33  and  40  hours  respectively  were  obtained.   This  marked  a 
milestone  for  integrated  operation  of  the  pilot  plant  since  for  the 
first  time  truly  steady-state  (i.e.,  nonchanging)  conditions  were  obtained, 

The  pilot  plant  also  demonstrated  a  remarkable  resilience  to 
major  gasifier  upsets.   The  plant  operation  was  fully  recovered  following 
an  upset  in  which  the  gasifier  fluidizing  steam  flow  was  lost  due  to 
a  boiler  shutdown.  A  second  full  recovery  was  made  following  a  gasifier 
boot  upset  which  was  caused  by  the  operation  of  the  spent  acceptor  with- 
drawal hopper.  The  run  was  finally  terminated  after  a  third  upset  which 
caused  the  recarbonated  acceptor  standleg  to  plug.  The  upset  resulted 
from  the  after  effects  of  plugging  both  the  recarbonated  acceptor  stand- 
leg  sample  station  and  the  balance  gas  line. 
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Run  28  data  are  presented  graphically  and/or  tabular ly  at  the  end 
of  this  run  report.  These  figures  and  tables  include: 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    HISTORY  OF  RUNS  28A  AND  28B 

3.1.1  Objectives 

The  goals  for  both  Run  28A  and  Run  283  were: 

(1)  To  demonstrate  plant  operability  using  a  new  acceptor  feedstock 
(Minnekahta  limestone) . 

(2)  To  demonstrate  that  pure  steam  could  be  used  to  fluidize  the 
recarbonated  acceptor  collected  in  the  gasifier  boot. 

(3)  To  achieve  long  duration  steady- state  balance  periods  for  which 
heat  and  material  balance  data  could  be  collected. 

3.1.2  Accomplishments 

Run  28A 

Operated  pilot  plant  in  an  integrated  manner  and  re- 
placed a  sufficient  amount  of  the  initial  dead-burned  dolomite 
inventory  with  fresh  limestone  to  allow  removal  of  all  air  sup- 
plied to  the  gasifier. 

Run  288 

(1)  Demonstrated  the  operability  of  the  CO2  Acceptor  Pro- 
cess using  Minnekahta  limestone  and  Velva  lignite  as 
feedstocks. 

(2)  Demonstrated  the  feasibility  of  using  pure  steam 

to  fluidize  the  collected  acceptor  in  the  gasifier  boot. 

(3)  Achieved  truly  steady- state  operating  conditions  for 
long  periods  in  which  the  only  inputs  to  the  gasifier 
were  calcined  acceptor,  lignite  and  steam. 

(4)  Successfully  controlled  the  concentration  of  inter- 
mediate fines  in  the  gasifier 's  fluidized  char  bed. 

(5)  Successfully  recovered  plant  operation  after  two  severe 
process  upsets. 

3.1.3  Termination  Causes 

Run  28A 

This  run  ended  due  to  a  gasifier  boot  upset  caused  by 
the  operation  of  the  spent  acceptor  dump  hopper,  F-213.  The 


stem  on  the  purge  valve,  which  supplies  gas  to  maintain  a  posi- 
tive pressure  between  F-213  and  the  gasifier,  vibrated  loose 
from  the  valve  actuator.  This  resulted  in  the  valve  remaining 
in  the  closed  position.  Due  to  leaks  in  the  F-213  system, 
gasifier  boot  steam  was  then  drawn  into  the  hopper.  Boot  fluid- 
ization  was  lost  and  the  acceptor  level  rose  into  the  transition 
section.  The  recarbonated  acceptor  standleg  and  the  line  between 
the  boot  and  the  dump  hopper,  F-213,  then  plugged.  The  run  was 
terminated. 

Run  28B 

The  run  ended  as  a  result  of  a  gasifier  boot  upset  which 
was  initiated  by  the  plugging  of  both  the  recarbonated  acceptor 
sample  station,  S-10,  and  the  balance  gas  line  to  the  recar- 
bonated acceptor  standleg,  CD-204.  During  this  period  steam 
flushed  down  CD-204  and  plugged  the  line  causing  the  acceptor 
level  to  rise  into  the  gasifier  transition  section. 

3.1.4  Mechanical  Problems 

Run  28A 

(1)  Feeding  of  auxiliary  fuel  char  could  not  be  readily  con- 
firmed during  the  run.  Prior  to  Run  288,  a  thermocouple 
was  installed  in  the  char  transfer  line,  CO-204,  at  the 
point  at  which  the  auxiliary  fuel  combines  with  the  char 
withdrawn  from  the  gasifier.  This  proved  to  be  an  effec- 
tive means  of  determining  the  existence  of  the  auxiliary 
fuel  feed. 

(2)  To  provide  additional  instrumentation  for  the  gasifier 
internal  cyclone,  pressure  taps  were  installed  on  the 
cyclone  dipleg  prior  to  Run  28A.  These  taps  proved 

to  be  useless  since  they  continually  plugged. 

Run  28B 

(1)  Steam  flow  to  the  gasifier  was  totally  lost  when  the 
plant  boiler  shut  down.  The  shutdown  was  caused  by  a 
boiler  blowdown  operation  which  resulted  in  a  false  low 
water  instrument  signal. 

(2)  The  first  steady-state  balance  period  ended  due  to  a 
gasifier  boot  upset  in  which  the  acceptor  transfer 
through  CD-204  ceased  and  the  acceptor  level  rose  into 
the  gasifier  transition  section.  The  upset  was  caused 


by  the  operation  of  the  spent  acceptor  withdrawal  hopper, 
F-  213.   Leaks  in  the  hopper  system  appeared  to  period- 
ically rob  the  gasifier  of  part  of  the  boot  fluidizing 
gas. 

3.1.5  Process  Problems 

During  both  runs  the  acceptor  lift  gas  heater  tube  metal  con- 
tinued to  deteriorate. 


3.2 


CHRONOLOGY  OF  OPERATIONS 


3.2.1  Run  28A 


Date 
8/26 


Time 

1652 
1800 

1835 


Hours 
Counting 


It 

1910 

M 

1948 

M 

2045 

II 

2100 

II 

2230 

8/27 

0045 

M 

0100 

M 

0200 

II 

0225 

II 

0450 

0525 

0830 
1100 


1400 

1530 
1616 


Description 

Started  pressuring  up  the  system  with  air. 

Holding  the  system  pressure  at  60  PSIG  in 

order  to  repair  some  small  leaks. 

Started  depressuring  the  system  in  order  to 

repair  the  leaks. 

System  depressured. 

Pressuring  up  the  unit  with  air  again. 

System  up  to  pressure.  Started  grinding 

lignite  for  the  preheater. 

Stopped  grinding  lignite  due  to  problems  with 

the  roller  mill. 

Started  depressuring  the  system  in  order  to 

clean  out  gasifier  back  pressure  control 

valve,  PT-2022. 

System  back  up  to  pressure. 

Started  static  pressure  test. 

Finished  the  static  pressure  test.  Started 

all  recycle  gas  compressors. 

"A"  and  "B"  gas  dryers  placed  on  line.   Lit 

all  system  heaters. 

System  at  250°F  and  starting  the  first 

holding  period.  Started  the  differential 

pressure  tests  on  the  system  heaters. 

Finished  the  differential  pressure  tests  on 

the  heaters. 

Started  grinding  lignite  for  the  preheater. 

Finished  the  temperature  holding  period  to 

cure  refractory  and  started  raising  the 

system  temperature  at  50°F/HR. 

Shut  down  J -202,  main  air  compressor,  for 

maintenance. 

J-202  back  on  line. 

Shut  down  the  process  heaters  and  started 

depressuring  the  system  in  order  to  repair 

LCV-2002,  char  transfer  control  valve. 


Date 

8/27 
II 


Time 

1745 
2210 


Hours 
Counting 


8/28  0400 
"  0800 
"      1045 


?l 

1200 

II 

1300 

II 

1515 

II 

1600 

1610 


1823 


1856 


8/29 

0420 

II 

0640 

II 

0800 

II 

0810 

M 

0822 

M 

0845 

It 

1017 

M 

1023 

II 

1220 

1340 


Description 

System  depressured. 
Started  repressuring  the  system. 
NOTE:   The  liner  inside  the  CO-202  had  to  be 
ground  down  and  rewelded. 
Lit  the  process  heaters. 
System  temperature  at  700  F,  started  the 
second  holding  period  for  refractory  cure. 
Finished  the  temperature  holding  period  and 
began  raising  system  temperature  at  100  F/HR. 
Stopped  grinding  lignite  after  discovering 
limestone  going  to  FA-102,  lignite  storage 
tank.  Maintenance  began  taking  lines  apart 
in  order  to  empty  the  roller  mill,  surge  bin 
and  storage  bin. 

Started  CO  addition  to  the  gasifier  boot 
flow  for  test  purposes. 

Shut  down  J-309,  char  lift  line  gas  compressor 
for  maintenance. 
Placed  J-309  back  on  line. 

Finished  CO  gas  flow  test,  removed  CO  from 
the  gasifier  boot  flow. 

Started  dead-burned  dolomite  addition  to  the 
gasifier  via  F-204A,  fresh  lignite  feed 
lockhopper . 

Transferred  a  batch  of  dead-burned  dolomite 
from  the  gasifier  via  LCV-2003,  gasifier 
boot  acceptor  level  control  valve. 
Started  filling  the  regenerator  with  dead- 
burned  dolomite  via  F-206B,  fresh  acceptor 
feed  lockhopper. 
Initiated  solids  circulation. 
Started  solids  circulation  test. 
Emptied  FA-102  of  limestone-lignite  mixture, 
began  closing  100  area  up. 
Finished  solids  circulation  test. 
Stopped  solids  circulation  in  preparation  for 
gas  flow  tests.   Placed  the  zinc  oxide 
towers  on  line. 
Started  the  gas  flow  tests. 
Finished  the  gas  flow  tests. 
Resumed  solids  circulation. 
Maintenance  finished  with  the  100  area  and 
starting  to  grind  char. 

Started  dead-burned  dolomite  makeup  to  the 
regenerator  via  F-206B.  Finished  grinding  char. 


Date 


8/29 


8/30 


Time 


1520 


Hours 
Counting 


1750 

1805 

1930 

2040 

2205 

2210 


2235 
2300 


0100 
0300 


M 

0310 

n 

0500 

II 

0730 

II 

0800 

0904 


0945 

1000 

1140 

1320 

1615 

1830 

2250 

2300 

Description 

Started  char  addition  to  the  gasifier  via 
F-204B.   Finished  grinding  char. 
Initiated  air  addition  to  the  gasifier  side  flow, 
Increased  steam  flow  to  the  gasifier  side  flow. 
Introduced  steam  into  the  gasifier  boot. 
Started  grinding  char  again. 

Started  auxiliary  char  feed  to  the  regenerator 
at  minimum  RPM. 

Started  char  transfer.   F-213,  purged  acceptor 
lockhopper,  out  of  service  due  to  plugged  in- 
let and  drain  lines. 

F-213  lines  cleared  and  back  in  service. 
Char  transfer  erratic. 

NOTE:   Closed  LCV-2002,  took  char  removal 
system  out  of  service,  depressured  removal 
lockhopper,  and  then  opened  to  system.  Char 
transfer  improved. 
Regenerator  at  1800°F. 

Stopped  dead-burned  dolomite  makeup  to  the 
regenerator  for  10  minutes. 
NOTE:   F-206B  had  to  be  depressured  in  order 
to  fill  F-206A  due  to  a  leaking  ball  valve 
between  the  two  vessels. 

Switched  from  grinding  char  to  grinding  lignite. 
Balance  gas  line  to  dPRC-2037  plugged. 
Switched  from  grinding  lignite  to  grinding  char. 
Sharted  lignite  addition  to  the  gasifier  via 
F-204A. 

Stopped  fresh  dead-burned  dolomite  makeup  to 
the  gasifier  in  order  to  repair  the  ball  valve 
between  F-206A  and  B  lockhoppers. 
Resumed  fresh  dead-burned  dolomite  makeup. 
Finished  grinding  char  and  started  grinding 
lignite. 

Cleared  the  balance  gas  line  for  dPRC-2037. 
Finished  grinding  lignite. 
Char  transfer  becoming  erratic. 
Started  grinding  lignite. 
Stopped  grinding  lignite,  preheater  full. 
Started  feeding  fresh  limestone  to  the 
regenerator  via  F-206B.  Char  transfer  back  in 
control . 

NOTE:   Discovered  that  F-226B,  auxiliary 
char  feed  lockhopper,  was  empty  without  an 
alarm.   Had  to  depressure  F-226B  in  order 
to  allow  material  in  F-226A  to  flow  into  the 
lower  vessel . 


Date 

8/31 
t? 


Time 

0030 
0430 

1015 


II 

1145 

II 

1330 

II 

2005 

II 

2050 

9/1 

0010 

M 

1100 

II 

1103 

II 

1200 

II 

1340 

II 

1622 

II 

1900 

II 

2000 

9/2 

0345 

3.2.2 

Run 

28B 

9/12 

1010 

II 

1045 

II 

1100 

II 

1230 

II 

1250 

II 

1310 

II 

1320 

II 

1325 

1630 

1640 
1730 


Hours 
Counting 

26 


58 


63.37 


Description 

Started  grinding  lignite. 

Removed  "B"  ZnO  tower  from  service  in  order 
to  recharge  the  catalyst. 

Removed  all  recycle  gas  from  the  regenerator 
side  flow. 

Finished  grinding  lignite. 
Started  grinding  lignite. 
Finished  grinding  lignite. 

J-201B,  gasifier  recycle  gas  compressor,  shut 
down,  no  longer  needed. 
Resumed  lignite  grinding. 
Finished  grinding  lignite. 
All  air  out  of  the  gasifier  side  flow. 
Introduced  CO2  gas  into  the  gasifier  boot  flow. 
Started  grinding  lignite. 

Experienced  upset  in  the  gasifier  boot.   Lost 
acceptor  transfer  to  F-213  and  to  the  regen- 
erator. Attempts  to  regain  any  transfer 
'failed. 

Stopped  grinding  lignite. 
Initiated  shutdown  procedures. 
System  depressured. 


Started  pressuring  up  the  system  with  J-309, 

char  lift  gas  compressor. 

J-202,  main  air  compressor,  placed  on  line, 

J-309  shut  down. 

System  up  to  pressure.  Started  static  pressure 

test. 

Finished  static  pressure  test. 

J-309  placed  back  on  line. 

Started  all  recycle  gas  compressors  and 

placed  on  line. 

Lit  all  process  heaters  except  for  B-205, 

acceptor  lift  gas  heater. 

"A"  and  "B"  gas  dryers  placed  on  line.  Lit 

B-205  heater,  electricians  repaired  the 

ignitor . 

System  at  250°F,  started  six  hour  holding 

period  per  refractory  cure  writeup. 

Started  grinding  lignite  for  the  preheater. 

Started  heater  differential  pressure  tests. 


Date 

Time 

Hours 
Counting 

9/12 
II 

2000 
2230 

9/13 

0730 

M 

0745 

It 

1100 

•  I 

1130 

M 
II 

1330 
1900 

II 

2135 

II 

2155 

9/14 
II 

II 

II 

It 

0035 
0415 
0710 
0845 
1030 

II 

1135 

It 

1530 

It 

1600 

It 

1645 

II 

1800 

It 

1835 

II 

2130 

11 

2345 

f! 

2400 

9/15 

0150 

II 

0230 

It 

0240 

Description 

Finished  heater  differential  pressure  tests. 
Finished  holding  period  on  the  system  tempera- 
ture and  started  raising  the  temperature  at 
50°F/HR. 

Started  second  temperature  holding  period  of 
the  refractory  cure  procedure. 
Stopped  grinding  lignite  to  permit  main- 
tenance to  work  on  the  100  area. 
Maintenance  finished  with  the  100  area  and 
started  grinding  char. 

Finished  four  hour  holding  period,  began 
raising  system  temperature  at  lOO^'F/HR. 
Finished  grinding  char,  shut  down  the  100  area. 
Started  adding  dead-burned  dolomite  to  the 
gasifier  via  F-204A,  lignite  feed  lockhopper. 
Transferred  a  batch  of  dead-burned  dolomite 
from  the  gasifier  to  the  regenerator. 
Started  adding  dead-burned  dolomite  to  the 
regenerator  via  F-206,  fresh  dolomite  lock- 
hopper  . 

Started  grinding  char  to  tote  bins. 
Finished  grinding  char,  shut  down  100  area. 
Established  acceptor  circulation. 
Started  the  solids  circulation  tests. 
Completed  solids  circulation  tests.  Stopped 
solids  circulation  and  started  lift  line  gas 
flow  tests. 
1045  Finished  lift  line  gas  flow  tests.  Started 

solids  circulation.  Started  calibration  tests 

for  XCV-2073,  purged  dolomite  control  valve. 

Started  grinding  char. 

Finished  grinding  char. 

ZnO  system  placed  on  line. 

Steam  introduced  into  the  gasifier  side  flow. 

Finished  calibration  tests  for  XCV-2073. 

Started  char  addition  to  the  gasifier  via  F-204A, 

Gasifier  char  bed  filled  to  level  of 

dPR-2094.  Started  air  addition  to  the  gasifier 

side  flow. 

Started  grinding  char. 

Started  steam  addition  to  the  gasifier  boot  flow. 

Started  auxiliary  char  feed  to  the  regenerator. 

Initiated  char  transfer. 

Finished  grinding  char,  started  grinding  lignite. 


10 


M 

0700 

9/16 

0032 

It 

0415 

It 

0800 

(• 

1515 

II 

1820 

M 

1930 

II 

2050 

9/17 

0740 

II 

0912 

II 

1055 

II 

1300 

II 

1600 

II 

1738 

II 

1747 

M 

1835 

Hours 
Date    Time    Counting  Description 

9/15    0615  Started  auxiliary  char  and  established  char 

transfer. 
0      Regenerator  at  1800°F. 

Started  feeding  lignite  to  the  gasifier. 
Started  limestone  to  the  system  via  F-206. 

25      Initiated  the  procedure  to  remove  air  from  the 
gasifier. 

Finished  grinding  lignite. 

Balance  gas  for  dPCV-2037,  FR-2306,  is  plugged. 
Controlling  dFCV-2037  with  purge  gas  to  S-10 
sample  station. 
Started  grinding  lignite. 

dPCV-2037  back  on  automatic,  FR-2306  unplugged. 
Finished  grinding  lignite. 

Shut  down  J-201B  and  J-207A  and  B,  they  are  no 
longer  needed. 
Initiated  CO  flow  to  the  gasifier  boot. 

54      Started  grinding  lignite  again. 

All  air  out  of  the  gasifier  side  flow. 
Lignite  feed  from  F-204A  stopped  for  approxi- 
mately two  minutes. 

Experienced  a  power  dip.  No  problems  developed, 
Attempting  to  determine  the  optimum  lignite 
feed  rate. 
9/18    0410  Finished  grinding  lignite,  shut  down  grinding 

system. 

72      Slowly  lining  out  lignite  feed  to  the  gasifier. 
Started  grinding  lignite  again. 
dFR-2026  adjusted  in  order  to  lower  the  amount 
of  N  in  the  gasifier  overhead  gas. 
FR-2306,  balance  gas  to  dPCV-2037,  plugged. 
FR-2306  back  in  service. 
UAD-206,  purged  dolomite  line,  plugged. 
NOTE:  Overpressured  F-213  and  blew  the  plug 
back  into  the  gasifier. 
2255  Steam  boiler  shut  down. 

NOTE:   Immediately  introduced  recycle  gas  into 
the  gasifier  boot  and  side  flows  and  stopped 
acceptor  circulation.  After  getting  steam 
back,  all  recycle  gas  routed  to  the  boot  flow 
and  steam  was  placed  in  the  side  flow.  The 
gasifier  interface  was  deliberately  blown 
away  in  order  to  prevent  solids  buildup. 
The  char  transfer  was  lost,  however,  the 
auxiliary  char  feed  kept  the  regenerator  bed 
hot.  The  lignite  feed  to  the  gasifier  was 
replaced  with  char.   Inert  gas  was  used  in 
the  preheater  ring  to  keep  it  clear. 
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II 

0700 

II 

1200 

II 

1400 

M 

1630 

M 

1655 

It 

1930 

Hours 

Date 

Time 

Counting 

9/18 

2305 

9/19 

0040 

II 

0115 

II 

0345 

II 

0600 

II 

0800 

97 

II 

0820 

11 

0830 

II 

1400 

II 

1545 

II 

1630 

M 

2000 

2125 


2210 


9/20 

0445 

II 

1000 

II 

1315 

II 

1415 

II 

1810 

11 

2015 

It 

2300 

11 

2400 

9/21 

0135 

•1 

1330 

123 


150.5 


Description 

Steam  placed  back  into  the  preheater  and  the 
bed  lifted. 

Finished  grinding  lignite. 

All  solids  transfer  back  and  began  lining  out 
the  system. 

Started  grinding  char. 
Started  feeding  lignite  to  the  system. 
Began  lowering  the  auxiliary  char  feed  rate  and 
increasing  the  char  transfer  and  slowly 
increasing  steam  to  the  boot. 
Slowly  increasing  the  acceptor  circulation. 
Finished  grinding  char  and  began  grinding  lignite. 
Finished  grinding  lignite  and  started  grinding 
char. 

A  restriction  developed  in  the  180  degree  section 
of  the  acceptor  lift  gas  line. 
Stopped  grinding  char  to  permit  maintenance 
to  change  the  dust  bags  in  the  baghouse. 
Line  to  purged  acceptor  hopper  plugged. 
NOTE:  Cleared  plug  by  blowing  it  into  the 
gasifier. 

Char  transfer  lost. 

NOTE:  The  seal  on  LCV-2002  was  lost,  and, 
therefore,  auxiliary  char  and  acceptor  circu- 
lation were  stopped. 

Char  transfer  regained,  auxiliary  char  was 
fed  and  the  acceptor  circulation  was  slowly 
increased. 

Maintenance  finished  with  the  baghouse,  started 
grinding  lignite. 

Continuing  to  increase  lignite  feed  and 
lower  the  auxiliary  char  feed. 
Checked  out  the  gas  lines  to  the  methanation 
unit. 

Gasifier  density  coming  down  after  cutting 
the  acceptor  circulation  rate  and  reducing  the 
gasifier  boot  flow. 
Finished  grinding  lignite. 
Started  grinding  char. 

Continuing  to  adjust  gas  flows  and  solids 
feed  rates. 

Finished  grinding  char. 
Started  grinding  lignite. 

Checked  process  gas  lines  to  the  methanation 
unit. 
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II 

1900 

9/22 

0700 

0830 

1030 

1145 

1600 

1919 

2300 

Hours 
Date   Time   Counting  Description 

9/21   1340  Finished  grinding  lignite,  shut  the  100  area 

down. 

"     1628  The  automatic  prograjiuner  on  the  char  removal 

system  is  malfunctioning. 

"     1806  Automatic  programmer  worked  properly  after 

going  through  the  sequence  several  times  on 
manual . 

Started  grinding  lignite  for  the  preheater. 
168      Slowly  increasing  acceptor  circulation  in  order 
to  remove  all  recycle  gas  from  the  gasifier 
boot  flow. 

Finished  grinding  lignite  and  started  grinding 
char. 

Adjusted  the  gasifier  boot  flows  in  order  to 
remove  all  recycle  gas  from  the  gasifier  boot 
flow. 

Finished  grinding  char  and  shut  down  the 
100  area. 
179      All  gasifier  recycle  gas  out  of  the  gasifier 
boot  flow.  Started  grinding  lignite  for  the 
preheater. 

Controlling  the  gasifier  bed  level  with  aux- 
iliary char. 

The  gasifier  density  decreased  from  39 
LBS/CU  FT  to  34  LBS/CU  FT.   Increased  the 
acceptor  circulation  slightly  in  order  to 
increase  the  gasifier  bed  temperature. 
9/23   1030  Stopped  grinding  lignite  to  permit  maintenance 

to  change  out  the  baghouse  bags. 

"     1200    197      Calcined  acceptor  sample  station  plugged. 

Station  cleared  by  rodding. 

"     1745  Maintenance  finished  with  the  100  area  and 

began  grinding  lignite  for  the  preheater. 

"     2400  Process  lined  out  all  day,  changes  limited 

to  slight  adjustments  in  solids  flow  rates. 
9/24   0115  Experiencing  an  unstable  interface  in  the 

gasifier  boot.   LCV-2003  unable  to  control  the 
level.  Stopped  fresh  lignite  feed,  acceptor 
circulation,  fresh  limestone  makeup.  Char/ 
acceptor  interface  lost. 

"     0250    211.4     Increased  the  gasifier  boot  flow  with  gasi- 
fier recycle  gas  and  deliberately  blew  away 
the  interface  in  order  to  prevent  the  bed  from 
setting  up.   Placed  the  ZnO  towers  on  line 
and  began  decreasing  the  steam  to  the  gasifier. 
Reestablished  the  interface  in  the  gasifier 
and  succeeded  in  starting  acceptor  circulation. 
NOTE:   Acceptor  transfer  through  LCV-2003  was 
established  after  blowing  gas  both  ways  through 
S-10  sample  station. 
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0330 


Hours 

Date 

Time 

Counting 

9/24 

0400 

II 

0430 

II 

0545 

II 

0610 

M 

0815 

II 

1010 

tl 

1045 

219.7 

It 

1135 

II 

1140 

II 

1450 

II 

1940 

II 

2100 

9/25 

0320 

236.3 

II 

1045 

II 

1240 

II 

1600 

249 

It 

1740 

II 

1845 

II 

2020 

9/26 

0908 

0920 


266.3 


It 

1530 

II 

1650 

II 

1815 

9/27 

0230 

0400 


Description 

Started  feeding  char  to  the  gasifier  via 

F-204B. 

Established  char  transfer  to  the  regenerator. 

Lost  char  transfer. 

Regain  char  transfer.  . 

Finished  grinding  lignite  and  started  grinding 

char. 

Started  feeding  lignite  to  the  gasifier. 
Started  reducing  the  auxiliary  char  feed  to 
the  regenerator.  _ 

Finished  grinding  char  and  resumed  grinding 

lignite.  ... 

Started  removing  recycle  gas  from  the  gasitier 
boot  flow  and  replacing  it  with  steam. 
Finished  grinding  lignite  and  shut  down  the 

100  area. 

Started  grinding  lignite  again. 

J-207A  and  B  and  J-201B  compressors  taken  off 

line. 

All  gasifier  recycle  gas  removed  from  the 

gasifier  boot  flow. 

Switched  from  grinding  lignite  to  grinding  char. 

Finished  grinding  char  and  resumed  grinding 

lignite.  ^      ,   ^  *„ 

Setting  up  the  solids  feed  rates  for  steady-state 

operation. 

F-207A,  lignite  feeder,  stopped  for  several 

minutes,  upset  the  system  slightly. 

Stopped  grinding  lignite  and  started  grinding 

char.  . 

Finished  grinding  char  and  resumed  grinding 

lignite. 

Experiencing  low  pressure  in  the  city  water 
supply  line  and  switched  the  quench  tower 
supply  water  over  to  the  boiler  feedwater 

system.  •     u  a 

City  water  supply  back  to  normal  and  switched 

the  quench  towers  back  to  potable  water. 

Switched  from  grinding  lignite  to  grinding  char. 

Finished  grinding  char  and  keeping  the  100  area 

heated  up. 

Started  grinding  lignite  for  the  preheat er. 
The  gasifier  boot  becoming  unstable,  in- 
creased the  gasifier  boot  flow  slightly  and  the 
system  lined  out. 

S-10  sample  station  and  FR-2306  balance  gas 
purge  plugged. 
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Date 


9/27 


Time 


0820 


Hours 
Counting 

289.3 


1132 
1217 


1230 
0500 


294.3 


Description 

The  gasifier  interface  unstable.   Increased 
boot  flow  without  any  effect.  Stopped  ac- 
ceptor transfer  through  TCV-2030,  lignite  feed 
and  fresh  dolomite  feed.   Increased  boot  flow 
with  gasifier  recycle  gas  and  blew  the  inter- 
face to  prevent  setting  up  of  the  bed.  Trans- 
fer through  LCV-2003  impossible.  Attempted 
to  blow  acceptor  lift  gas  up  through  CD-204 
without  success.  Placed  ZnO  towers  on  line. 
Removed  CO-  from  the  gasifier  boot  flow. 
Unable  to  recover  the  gasifier  interface  or 
acceptor  transfer  through  LCV-2003,  began 
cooling  the  system  for  shutdown.   ZnO  towers 
taken  off  line. 

Stopped  grinding  lignite  and  shut  down  the 
100  area. 
System  depressured. 
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RESULTS  AND  DISCUSSION 


4 . 1    BACKGROUND 

Tymochtee  dolomite  from  Ohio  was  used  as  raw  acceptor  feedstock 
in  all  runs  prior  to  Run  28  in  which  integrated  plant  operation  was  demon- 
strated.  Since  considerable  operating  data  with  the  dolomite  acceptor 
had  been  accumulated  particularly  for  Runs  21,  26,  and  27,  a  decision 
was  made  to  switch  to  a  new  acceptor  feedstock.  Minnekahta  limestone 
which  is  quarried  in  Rapid  City,  South  Dakota,  was  selected.  The  mate- 
rial was  readily  available  and  had  proven  to  be  a  suitable  acceptor  m 
bench-scale  studies.  As  in  all  runs  since  Run  15,  dead-burned  dolomite 
was  used  for  the  initial  regenerator  inventory.  When  operating  tempera- 
tures were  reached  in  the  regenerator,  the  dead-burned  inventory  was 
gradually  replaced  with  fresh  limestone.  This  technique  of  eliminating 
the  generation  of  excessive  quantities  of  acceptor  fines  and  regenerator 
deposits  worked  equally  well  for  the  limestone  acceptor  as  it  had  m 
previous  runs  for  the  dolomite. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  pilot  plant  operations  for  Runs  28A  and  28B  are  summarized 


below: 


Fresh  Without  100% 

Process   Lignite   Acceptor    Acceptor  Gasifier  Steam  to 

Run  Conditions  Feed    Circulation   Makeup     Air __Boot — 

28A     63.5      56        78         41  5  0 


28B    289 


255        304        265       232       85 


The  statistics  for  Run  28B  are  the  most  impressive  for  the  pilot 
plant  operation  to  date.  The  plant  operated  in  an  integrated  manner  for 
nearly  ten  days  with  the  acceptor  supplying  all  the  gasifier  heat  require- 
ments. Additionally,  two  balance  periods  of  33  and  40  hours  respectively 
were  obtained  in  which  the  pilot  plant  operation  was  truly  at  steady- 
state  conditions.  For  these  balance  periods,  the  only  gasifier  inputs 
were  steam,  calcined  acceptor,  and  raw  lignite  feedstock.  Recycle  gas 
was  net  used  in  the  gasifier  for  fluidization. 

4.2.2  Plant  Data 

The  pertinent  data  for  both  runs  are  presented  in  Tables  28-1 
through  28-20.  Operating  conditions  are  shown  in  Tables  28-1  through 
28-4.  Feedstock  compositions  are  contained  in  Tables  28-5  and  28-6. 
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Analyses  of  the  effluent  and  circulated  process  streams  which 
contain  solids  are  presented  in  Tables  28-7  through  28-18.  Preheat 
conditions  of  the  feed  streams  are  given  in  Table  28-19. 

Plant  pressure  balance  data  are  presented  in  Table  28-20  for 
Run  28B.   The  calculated  pressure  balances  are  included  at  the  bottom 
of  the  table.   Locations  and  elevations  for  the  pressure  points  are 
shown  in  Figure  28-1. 

Before  the  pressure  balances  were  calculated,  all  the  raw  data 
shown  in  Table  28-20  were  corrected  to  account  for  the  density  dif- 
ference between  the  pressure  tap  purge  gas  and  the  process  gases.  These 
corrections  have  been  discussed  in  detail  in  the  Run  17  Report.  Also, 
since  there  are  always  small  errors  associated  with  instrument  calibra- 
tion and  the  physical  reading  of  the  instruments,  the  pressure  summation 
had  to  be  forced  to  equal  zero  around  the  two  loops  (loop  1,  5,  9,  1 
and  loop  1,  14,  9,  1;  see  Figure  28-1).   Forcing  was  done  by  equally 
distributing  the  summation  errors  between  the  various  measured  differential 
pressures  in  the  loops.  Except  for  two  cases,  the  summation  errors  were 
always  less  than  6  percent  of  the  measured  values. 

4.2.3  Activity 

The  acceptor  activity  which  is  a  measure  of  the  acceptor's 
ability  to  react  with  CO2  is  defined  as  the  moles  of  active  calcium 
oxide  per  mole  of  calcium  in  the  stone.   In  Figure  28-2,  the  activity 
of  the  circulating  acceptor  inventory  is  plotted  as  a  function  of  time 
for  both  Runs  28A  and  288.  As  shown,  the  limestone  activities  are  con- 
siderably lower  than  the  activities  obtained  in  earlier  runs  in  which 
dolomite  was  used  as  feedstock.  However,  if  the  ability  to  react  with 
CO2  for  the  limestone  and  dolomite  acceptors  is  compared  based  upon 
pounds  of  CO2  reacted  per  pound  of  stone,  the  two  acceptors  have  nearly 
equivalent  capacities.  This  is  because  the  limestone  contains  approx- 
imately 1.9  times  as  much  calcium  as  does  dolomite.  Thus,  on  a  pound 
basis,  a  limestone  acceptor  with  an  activity  of  0.14  would  be  equiva- 
lent to  a  dolomite  with  an  activity  of  0.27. 

As  shown  in  Figure  28-2,  Run  28A  was  not  of  sufficient  length 
to  allow  complete  change  out  of  the  dead-burned  dolomite  inventory. 
However,  the  activity  behavior  for  the  run  generally  followed  the  trend 
for  Run  288. 

For  Run  288  there  are  two  distinct  periods  for  which  the  ac- 
ceptor activity  had  apparently  lined  out.  Since  the  parameters  which 
affect  activity  are  not  yet  well  defined,  only  a  qualitative  explana- 
tion can  be  made  at  this  time  for  the  differences  in  the  two  periods. 
One  possible  cause  for  the  greater  activity  achieved  during  the  first 
period  is  the  acceptor  residence  time  in  the  gasifier.  Laboratory  ex- 
periments have  demonstrated  that  long  gasifier  residence  times  tend 
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to  reduce  the  rate  of  acceptor  deactivation '^^^  The  gasifier  residence 
time  for  the  first  period  was  estimated  to  be  approximately  10  percent 
longer  than  that  for  the  second  period. 

4.2.4  Intermediate  Fines 

During  both  runs  the  char  removal  system  adequately  controlled 
the  accumulation  of  intermediate  fines.  Figure  28-2  shows  the  concentra- 
tions of  this  "junk"  material  in  the  regenerator  bed  and  in  the  gasitier 
char  bed  during  Run  28B.  For  a  discussion  of  the  procedure  for  deter- 
mining the  intermediate  fines  concentrations,  the  reader  is  referred 
to  the  run  report  which  covers  Runs  21,  22,  and  23. 

As  shown  in  Figure  28-3,  the  gasifier  char  bed  intermediate 
fines  concentration  was  relatively  low  during  both  balance  periods 
For  the  first  balance  period,  the  fines  represented  approximately  9 
weight  percent  of  the  char  bed,  while  for  the  second  period,  the  con- 
centration was  10  weight  percent.  These  levels  were  achieved  by  purging 
an  average  of  150  LBS/HR  and  215  LBS/HR  of  char  bed  material  from  the 
gasifier  during  the  first  and  second  balance  periods  respectively. 
These  purge  rafes  represent  respectively  75  LBS/HR  and  115  LBS/HR  of 
char  material  with  the  remainder  being  acceptor  and  intermediate  fines. 

4 . 3    PROBLEMS 

4.3.1  Gasifier  Quench  System  Operation 

The  operation  of  the  gasifier  quench  system  has  been  a  major  cause 
of  gasifier  pressure  upsets  in  the  past.  Following  Run  22A,  extensive 
revisions  were  made  to  the  system  to  improve  the  operation.  These  re- 
visions were  made  to  the  system  to  improve  the  operation.  These  re- 
visions are  discussed  in  the  report  for  Runs  22  and  23.  The  revisions 
reduced  the  occurrences  of  the  pressure  upsets  but  did  not  eliminate 
them   Calcium  rich  scales  continued  to  form  in  the  quench  tower  which 
would  periodically  slough  off  the  walls  and  block  the  tower  dram  lines. 

Attempts  at  eliminating  the  tower  scale  formations  were  ini- 
tially concentrated  on  providing  the  gas-solids-liquid  contacting. 
Prior  to  Run  24,  a  vertically  positioned  venturi  was  installed  ahead 
of  the  quench  tower  inlet.  This  was  done  based  upon  the  very  success- 
ful regenerator  quench  system  design.  However,  the  run  ended  when  scale 
which  had  formed  in  the  piping  downstream  of  the  venturi  broke  away  from 
the  walls  and  plugged  the  quench  tower  gas  inlet.  A  new  approach  to 
solving  the  scale  formation  problem  was  then  taken.  Betz  Laboratories 


•^^-•Lancet,  M.  S.,  RM-13943,  "Effect  of  Regenerator  and  Gasifier  Resi- 
dence Times  on  Various  CO  Acceptors,"  October  8,  1975. 
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of  Trevose,  Pennsylvania,  was  hired  to  study  the  problem  and  to  provide 
water  treatment  chemicals  to  eliminate  the  scale  formation.  Preliminary 
results  are  encouraging  and  have  demonstrated  that  the  scale  formation 
can  be  easily  minimized.  A  comprehensive  report  covering  the  quench 
system  operation  will  be  issued  when  work  in  this  area  is  completed. 

4.3.2  Deposits 

Agglomerated  limestone  deposits  were  found  in  the  gasifier  fol- 
lowing the  shutdowns  for  both  Runs  28A  and  28B.  The  28A  shutdown  re- 
vealed a  massive  deposit  which  totally  filled  the  gasifier  transition 
section.  The  deposit  was  hard  and  had  areas  that  appeared  to  have  been 
liquid  at  one  time.  A  smaller  deposit  which  covered  the  boot  gas  dis- 
tributor caps  and  which  extended  into  the  boot  nozzle  leading  to  the  re- 
carbonated  acceptor  standleg  was  also  found.   Both  deposits  formed 
after  the  boot  upset  which  caused  the  plant  to  be  shut  down.  Prior  to 
upset,  the  gasifier  temperature  and  differential  pressure  instrumenta- 
tion did  not  reveal  the  presence  of  any  deposits.  Additionally,  since 
acceptor  circulation  was  smooth  and  trouble-free  throughout  the  run 
a  massive  deposit  in  the  transition  section  could  not  have  formed  until 
after  the  upset. 

The  formation  of  the  gasifier  deposits  is  consistent  with  what 
is  known  about  the  chemistry  of  the  process.  Shortly  after  the  boot 
upset,  the  temperature  in  the  transition  section  dropped  from  1480°  to 
J^°?onAo  '^^^  ^^^^"^  partial  pressure  at  the  time  was  9.6  atmospheres. 
At  1200  F,  a  steam  partial  pressure  of  only  8.8  to  9.0  atmospheres  is 
sufficient  to  cause  the  formation  of  calcium  hydroxide.  The  hydroxide 
m  the  presence  of  calcium  carbonate  formed  liquid  melts  which  agglom- 
erated and  glued  together  the  acceptor  in  the  transition  section   In 
the  future,  efforts  will  be  made  to  insure  that  conditions  favorable 
for  melt  formation  (i  e.,  high  steam  partial  pressure  and  temperatures 
between  1180  to  1230  F)  do  not  exist  in  the  gasifier  at  any  time.  The 
most  effective  means  of  avoiding  these  conditions  during  an  upset  will 
be  to  reduce  the  steam  partial  pressure  to  5  to  6  atmospheres  by  sup- 
plying recycle  gas  to  the  gasifier  boot. 

The  boot  deposit  which  was  discovered  during  the  Run  288  shut- 
down filled  the  entire  gasifier  boot  cross  section  and  extended  to 
within  one  foot  of  the  transition  section.  The  deposit  was  wet  and 
caked  m  appearance.  Apparently,  during  shutdowns  steam  condensed 
on  the  collected  acceptor  causing  the  acceptor  to  agglomerate  and 
slake.  As  with  Run  28A,  the  28B  deposit  had  to  have  formed  during 
or  after  the  boot  upset.  Acceptor  circulation  which  was  normal  until 
the  upset  could  not  have  been  maintained  if  the  deposit  had  been  present. 

Inspection  of  the  regenerator  after  both  runs  did  not  reveal 

tn^hT'""?  ^T\'''-  ''^'"^^  '^^"  ^^^^  ^^^1^^  Cl^^s  than  one-half 
inch  thick)  and  the  usual  lip  deposit  of  fused  char  ash  were  observed 
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The  lip  deposit  always  forms  just  below  the  char  inlet  line  on  the 
reactor  walls.   It  normally  extends  3  to  5  inches  from  the  reactor 
wall  and  from  10  to  20  inches  along  the  wall  circumference.  The  deposit 
is  not  considered  to  be  a  problem  since  it  appears  to  grow  to  an 
equilibrium  size  and  does  not  interfere  with  the  regenerator  operation. 

After  Run  28B,  a  pipe  scale  of  agglomerated  acceptor  fines 
rSO  WT  %  CaO)  was  discovered  in  the  calcined  acceptor  return  line, 
CD-206   Similar  scale  was  found  during  Run  14  when  carbon  dioxide  bearing 
gases  were  used  to  purge  the  line.  Laboratory  tests  have  demonstrated 
that  recarbonation  of  the  acceptor  in  the  standleg  could  cause  scale 
formation.  However,  since  Run  16  the  use  of  nitrogen  as  the  purge  gas 
to  the  line  had  apparently  eliminated  the  scale  problem.  Possible  causes 
for  the  Run  28B  scale  include:   (1)  the  use  of  limestone  acceptor;  (2) 
the  production  of  sticky  fines  due  to  oxygen  breakthrough  m  the  regen- 
erator (a  condition  which  occurred  at  least  three  times  during  the  run) ; 
and  (3)  operation  of  the  system  at  a  low  differential  pressure  (1  to 
1  5  PSI)  between  the  regenerator  and  the  gasifier.  Operation  at  low 
differential  pressure  might  have  allowed  some  carbon  dioxide  m  the 
regenerator  flue  gases  to  enter  the  standleg  with  the  calcined  acceptor 
and  thus  cause  some  recarbonation.  Unfortunately,  at  this  time  the  cause 
cannot  be  determined. 

4.3.3  Heater  Deterioration 

The  acceptor  lift  gas  heater,  B-205,  was  inspected  after  both 
Runs  28A  and  28B.  Due  to  general  thinning  and  the  discovery  of  a 
pinhole,  a  10-foot  section  of  one  tube  pass  was  replaced  after  Run  28A. 
After  Run  28B  the  heater  coil  was  replaced  because  of  the  coil  s  de- 
teriorated condition. 

The  coil  which  was  replaced  had  been  in  service  since  Run  25  and 
had  logged  a  total  of  919  hours  at  temperatures  about  1000  F.  This 
coil  which  was  the  original  or  alpha  coil  had  been  rebuilt  prior  to 
Run  25   The  hot  outlet  ends  which  were  originally  Incoloy  800  were 
replaced  with  alonized  RA-330  material  as  were  other  thinned  sections 
in  the  heater. 

Sulfur  attack  in  the  tubes  appear  to  be  the  primary  cause  of 
failure.  During  Run  28B,  iron-nickel  sulfide  material  flowed  out  of 
the  heater  and  solidified  at  the  water  cooled  pipe  flange  upstream  of 
the  engager  pot.   For  a  period  of  time,  this  deposited  material  re- 
stricted lift  gas  flow.  However,  most  of  the  material  apparently  re- 
melted  and  was  carried  harmlessly  into  the  regenerator  with  the  cir- 
culating acceptor. 

Since  the  lift  gas  heater  is  only  expedient  for  pilot  plant 
operation  and  since  relatively  long  periods  of  operation  can  be  ob- 
tained from  a  heater  coil,  the  operating  philosophy  has  been  to  live 
with  the  problem  and  to  minimize  it  by  using  sulfur  resistant  alloys 
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such  as  alonized  materials.  The  new  coil  which  was  installed  after  Run 
28B  was  made  of  Inconel  702.  This  material,  because  it  contains  3-1/4 
percent  aluminum,  may  potentially  be  more  resistant  to  sulfur  attack 
than  alonized  materials  or  Incoloy  800. 


21 


FUTURE  PLANS 


To  increase  the  reliability  of  the  interface  control  at  high 
circulation  rates,  the  recarbonated  acceptor  standleg  diameter  will 
be  increased  from  4  inches  to  6  inches.  The  balance  gas  ahead  of  the 
level  control  valve,  LCV-2003,  in  this  line  and  the  sample  station 
purge  will  be  changed  from  200  PSIG  gasifier  recycle  gas  to  350  PSIG 
inert  gas.  The  use  of  a  higher  pressure  purge  gas  should  help  elim- 
inate tap  plugging  due  to  flow  reversals  caused  by  system  pressure 
swings. 

Plans  for  the  next  run  also  include  the  use  of  limestone  acceptor 
and  Velva  lignite  feedstocks.  Additionally,  attempts  will  be  made  to 
operate  the  methanation  system  for  the  first  time. 
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RUN  29 

RUN  29A  OCTOBER  16  TO  OCTOBER  25,  1975 
RUN  29B  NOVEMBER  7  TO  NOVEMBER  17,  1975 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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SUMMARY 


Runs  29A  and  29B  were  completed  during  the  respective  periods  of 

flTu"""     t   v". ''%'"''  ""'  '^^^^'"'^^  '   ^°  1^>  1975.  These  runs  featured 
the  use  of  Velva  lignite  as  feedstock  and  Minnekahta  limestone  as  ac- 
ceptor  Run  29A  ended  prematurely  due  to  the  failure  of  the  new  ac- 
ceptor lift  gas  heater.  When  the  heater  failed,  air  was  still  being 

system  had  only  been  initiated  four  hours  earlier.  The  heater  failure 
was  due  to  sulfur  attack  of  the  tube  metal  near  the  outlet  tube  e^ds 

thP  in-i?""i^f  Tt   '"°''!  successful  than  Run  29A.  Acceptor  change-out  of 
the  initial  dead-burned  dolomite  inventory  was  sufficient  to  allow  the 
total  removal  of  air  as  a  gasifier  heat  source  for  52  hours.   In  addi- 
tion, steam  rather  than  recycle  gas  was  used  to  fluidize  the  gasifier 
boot  acceptor  for  more  than  35  hours. 

fir.t  t^Z^\^'''^^^^^.   '^^  methanation  unit  was  put  on  stream  for  the 
tirst  time.  Purified  synthesis  gases  were  successfully  processed  in  the 
unit  to  produce  a  high  heat  content  product  stream  for  more  than  49 
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2   TEST  DATA 

Runs  29A  and  29B  are  presented  graphically  and/or  tabular ly 
at  the  end  of  this  run  report.  These  figures  and  tables  include: 

Page 

Figure  29-1.  Methanation  Unit  Block  Flow  Diagram  87 

Figure  29-2.  Packed  Tube  Methanation  Reactor  Design 88 

Figure  29-3.  Packed  Tube  Methanator  Tube  Sheet  and  Movable 89 

Thermocouple  Layout 
Figure  29-4.  Packed  Tube  Reactor  Temperature  Profiles,  Run  29B  90 

Table  29-1.  Gasifier  Data,  Run  29A ^^ 

92 
Table  29-2.  Regenerator  Data,  Run  29A  

Table  29-3.  Gasifier  Data,  Run  29B  (2  sheets) 93 

Table  29-4.  Regenerator  Data,  Run  29B  (2  sheets) ^^ 

Table  29-5.  Feedstock  Composites,  Runs  29A  and  29B 97 

Table  29-6.  Calcined  Acceptor  (S-9)  and  Recarbonated  98 

Acceptor  (S-10),  Run  29A 
Table  29-7.  Calcined  Acceptor  (S-9)  and  Recarbonated  99 

Acceptor  (S-10),  Run  29B 

Table  29-8.  Gasifier  Char  Bed  Material,  Run  29B  (2  sheets) 100 

Table  29-9.  Purged  Char,  Run  29B  (2  sheets) • ^^^ 

Table  29-10.  Gasifier  Quench  Tower  Solids  (Composites), 104 

Runs  29A  and  29B 

Table  29-11.  Ash  and  Attrited  Acceptor  Size  Analyses, 105 

from  Runs  29A  and  29B 

Table  29-12.  Methanator  Process  Flows,  Run  29B  

Table  29-13.  Packed  Tube  Methanator  Temperature  Profiles,  Run  29B 107 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    RUN  HISTORY 

3.1.1  Objectives 

The  goals  for  Runs  29A  and  29B  were: 

(1)  To  check  out  and  operate  the  methanation  unit  using  synthesis 
gas. 

(2)  To  operate  the  pilot  plant  under  steady-state  conditions  for  a 
7-day  period  without  the  need  to  supply  air  as  a  source  of 
heat  to  the  gasifier. 

3.1.2  Accomplishments 
Run  29A 

The  normal  startup  sequence  was  successfully  completed 
past  the  step  of  feeding  fresh  acceptor  makeup  to  the  system. 

Run  298 

(1)  Confirmed  again  that  pure  steam  could  be  used  to  fluidize 
the  collected  acceptor  in  the  gasifier  boot. 

(2)  Demonstrated  that  the  packed  tube  methanation  reactor, 
DC-402,  could  be  successfully  operated  to  produce  a  high 
BTU  content  gas. 

3.1.3  Termination  Causes 
Run  29A 

The  run  ended  due  to  the  rupture  of  the  acceptor  lift  gas 
heater  coil.  Sulfur  attack  caused  the  failure. 

Run  29B 

The  run  was  terminated  after  the  line  which  leads  to 
the  spent  acceptor  dump  hopper,  F-213,  plugged  and  could  not 
be  cleared. 

3.1.4  Mechanical  Problems 
Run  29A 

(1)     Early  in  the  startup  a  hot  spot  developed  on  the  shell 
of  the  regenerator  fuel  char  lift  pot.   The  pilot  plant 
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was  shut  down  to  allow  inspection  and  repairs.  The 
end  plates  on  the  gas  line  from  the  lift  pot  and  the 
exit  nozzle  of  the  lift  pot  were  broken.  These  were 
repaired.  Gas  bypassing  through  the  broken  end  plates 
had  caused  the  shell  hot  spots. 

(2)  An  apparent  restriction  developed  in  the  regenerator 
fuel  char  lift  pot.  This  required  another  system  shut 
down  to  clear.  The  subsequent  inspection  did  not  re- 
veal any  plug.  Depressuring  the  system  may  have  caused 
the  plug  to  disintegrate. 

(3)  Lignite  feed  was  lost  once  due  to  a  plugged  sensing  tap 
on  a  lignite  lockhopper,  F-204.  This  caused  a  system 
pressure  swing  which  resulted  in  the  loss  of  stable 
fuel  char  transfer  for  about  5-1/2  hours. 

(4)  The  pressure  shell  expansion  joint  bellows,  EJ-2,  of 
the  recarbonated  acceptor  standleg,  CD-204,  developed 
a  leak.  This  required  yet  another  system  shutdown  and 
depressuring  to  repair. 

(5)  The  new  coil  in  the  acceptor  lift  gas  heater,  B-205, 
ruptured  due  to  corrosive  sulfur  attack. 

(6)  Instability  in  the  gasifier  char-acceptor  interface 
control  occurred  twice  during  the  run.  The  cause  of 
the  instability  was  not  definitely  determined.  One 
possible  explanation  is  that  the  small  fluidized  bed 
of  acceptor  in  the  engager  pot,  F-222,  may  have  peri- 
odically covered  the  recarbonated  acceptor  inlet  to 
the  engager  pot,  thus,  blocking  the  flow  of  acceptor 
from  the  standleg,  CD-204.  To  correct  this  problem, 
the  fluidized  acceptor  bed  level  was  lowered  by  ex- 
tending the  acceptor  lift  line  dip  tube  5  inches 
further  into  the  engager  pot. 

Run  29B 

(1)     A  leak  developed  between  the  inner  process  containing 
pipe  and  the  surrounding  water  jacket  of  the  gasifier 
overhead  line,  GP2-201.  Process  gas  was  leaking  into 
the  jacket  water  system.  The  leak  was  discovered  after 
the  regenerator  and  gasifier  reactors  were  at  operating 
conditions  and  lignite  feed  to  the  gasifier  had  com- 
menced.  To  perform  the  minor  required  repairs,  the 
entire  system  had  to  be  shut  down  and  the  vessel  con- 
tents drained.   The  leak  was  located  at  an  elbow  weld. 
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(2)     The  fuel  char  transfer  from  the  gasifier  to  the  regen- 
erator was  upset  several  times  due  to  a  faulty  vent 
valve  switch.  The  switch  allowed  the  automatic  pro- 
grammer, which  actuates  the  valve  sequencing  for  the 
tilling  and  dumping  of  the  char  removal  lockhoppers 
TrZl       .   ^^'/.-'''   lockhopper  to  service  in  an^ove^- 
pressured  condition.  The  problem  was  easily  corrected 
by  repairing  the  switch.  ^"xiectea 

The  shaft  key  for  the  spent  acceptor  flow  control 
valve  XCV-2073,  fell  out  of  position  on  thrL^  day 
of  the  run.   When  this  was  discovered  and  the  key  re- 
liff'     u^     "^P  ^'"^  between  the  gasifier  boot  and 
the  dump  hopper,  F-213,  was  found  to  have  plugged 
Loss  of  the  valve  operation  had  apparently  allowed  the 
acceptor  material  above  the  valve  to  coo/and  p^ug  the 

iiL^;  h  .'"r  l^^   i^"^  "°"'^  "°^  b^  ^l^a^^d,  the  pilot 
plant  had  to  be  shut  down.  p-^xul 


(3) 


3.2    CHRONOLOGY  OF  OPERATIONS 
3.2.1  Run  29A 

Hours 
Date    Time    __Run__  Description 

10/15   1800    -202.5    Started  grinding  lignite  in  the  100 

area  to  check  out  the  new  slurry  system 
for  transporting  baghouse  char  and  coal 
M      211 S  ^°  ^^^  settling  pond. 

^^"^  'iow"  grinding  due  to  problems  with 
the  fines  slurry  system  and  B-102  pre- 
10/16  ai-KCi  heater  furnace. 

2330     17^  0    ?rT^  grinding  lignite  to  the  preheater. 
-173.0    Started  pressuring  up  the  system  with  J-309 
10/17   Ono  c    ^^^*  ^^^  compressor,  and  air. 

^  System  up  to  pressure.   Started  all  re- 

cycle gas  compressors.   Shut  down  J-201B 
gasifier  recycle  gas  compressor,  for 
maintenance. 

Lit  all  heaters  except  for  B-205. 
Started  steam  flow  through  B-205  heater 
for  coil  oxidation.   Lit  heater 
r.  and  holding  it  at  250°F. 

Gasifier  temperature  at  250°F,  started 
holding  period. 

B-203,  regeneration  air  heater,  B-204 
recycle  flue  gas  heater,  and  B-205  heaters 
are  at  250  F,  started  raising  heater  tem- 
peratures at  100  F  per  hour 


0210 
0230 


I? 


0400 
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Hours 

Date 

Time 
0710 

Run 

10/17 

II 

0730 
0820 

II 

0845 

II 

1000 

II 

1155 

II 

1200 

1710 

2100 

0/18 

0100 

0225 

0830 

0953 

1800 

1910 

1925 

1938 

2020 

2115 

2150 

Description 

Finished  grinding  lignite,  preheater 
full,  and  shut  down  the  100  area. 
Tested  gas  flow  through  Elliott  turbine 
blade  test  stand.   OK. 

B-207,  steam  superheater,  lit  off.   Pressure 
indicators  show  that  char  transfer  pot, 
F-224,  is  plugged. 
J-201B  compressor  placed  on  line. 
"A"  and  "B"  gas  dryers  placed  on  air  to 
dry  out.   Started  the  heater  differential 
pressure  tests. 

Finished  the  heater  differential  pressure 
tests. 

Finished  the  temperature  hold  period  on 
the  gasifier  and  began  raising  temperatures 
at  50°F  per  hour. 
1245  B-204  at  1400°F,  started  temperature  holding 

period.  Checked  gas  flow  to  the  methana- 
tion  unit.  OK. 
1645  Started  air  to  B-205  and  slowly  removed 

steam. 

All  steam  flow  out  of  B-205. 
-151.5    Attained  700°F  in  the  gasifier  and  began 
a  temperature  holding  period. 

"A"  and  "B"  gas  dryers  placed  on  line. 
Cut  the  temperature  in  B-204  heater 

and  removed  air  from  the  system. 

Started  plant  shutdown  to  allow  inspection 

of  hot  spot  on  fuel  char  lift  station. 

Plant  depressured. 

NOTE;   Plug  found  in  char  lift  pot. 

Broken  end  plates  were  found  and  work  on 

the  inlet  flange  of  the  char  transfer  line 

CO-204  and  on  the  exit  nozzle  of  the  char 

lift  pot. 

Started  pressuring  up  the  system  with  air. 

System  pressure  up  to  100  PSIG. 

Started  all  recycle  gas  compressors. 

Lit  all  heaters. 

Started  gas  flow  tests. 

"A"  and  "B"  gas  dryers  placed  on  line. 

B-205  shut  down  due  to  a  bad  temperature 

shutdown  thermocouple. 
2300    -125.5    Finished  the  gas  flow  tests.  Jumpered 

the  bad  thermocouple  on  B-205  and  resumed 

bringing  the  temperature  up  on  the  heater. 
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Date 

10/19 
11 


10/20 


Time 

0430 
0600 
0900 

1100 

2245 

0600 


Hours 
Run 


-101.75 


II 

1105 

II 

1240 

II 

1350 

II 

2025 

If 

2100 

0/21 

0350 

10/22 
If 


-79.5 


0600 


II 

1110 

II 

1300 

If 

1345 

tl 

1400 

If 

1419 

ff 

1500 

ff 

1625 

1830 


0730 
1045 

1050 


-58.0 


Description 

B-205  at  1400°F  and  holding. 

Gasifier  temperature  at  700°F 

Shut-down  J-201A  due  to  a  plugged  suction 

Finished  the  curing  procedure  for  a  B-205 
heater  and  started  cooling  it  down 
Stopped  gas  circulation,  shut  down  the 
heaters  and  began  cooling  the  system. 
t^ll^"^   depressured  for  maintenance. 
NOTE:   Oxidation  of  the  B-205  heater  coil 

Ind  F^mf  ^'  ^^^   ^'°^  orifices,  FR-2013, 
and  FR-2014,  were  swapped  prior  to  the 
run  to  allow  obtaining  the  required  gas 
flows  for  the  heater  coil  oxidation.  The 
system  was  depressured  to  allow  reinstalla- 

sJart^H     °'''^''''  ^"  '^"  P^^P^^  locations, 
Started  pressuring  up  the  system  with  air 

System  up  to  pressure,  started  the  static* 
pressure  test. 

Finished  the  static  pressure  test 
Started  all  recycle  gas  compressors. 
Lit  all  heaters. 

Started  depressuring  the  system  to  remove 
apparent  plug  in  the  char  lift  line,  CO-204 
System  depressured. 

NOTE:  A  plug  was  not  found  in  CO-204   How- 
ever, a  broken  differential  pressure  tap 
on  line  CO-204  (high  side  of  dPT-2029)  was 
repaired.  -^ 

Started  pressuring  up  the  system  with  air 

System  up  to  pressure. 

Started  all  recycle  gas  compressors. 

Lit  all  heaters. 

;;A"  and  "B"  gas  dryers  placed  on  line. 

Started  7"  '"'  '"^""^  °'^  ^^"^  ^°  ^^^  0"t . 
Started  depressuring  the  system  due  to  a 

CD!20r  ^^"^'  expansion  joint  in  line 
System  depressured. 

NOTE:  EJ-2  was  replaced  with  a  new  ex- 
pansion joint. 

Pressuring  up  the  unit  with  air 
System  up  to  pressure,  started  all  recycle 
gas  compressors.  v,/^ie 

Lit  all  heaters. 
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Date 


Hours 
Time      Run  Description 


0925 


10/22   1105  "A"  and  "B"  gas  dryers  placed  on  line. 

"      1930     -33  0    Started  heater  differential  pressure  test. 
10/23   0030  Completed  the  heater  differential  pressure 

test. 
„      0040  Started  feeding  dead-burned  dolomite  to  the 

gasifier  via  F-204A,  fresh  lignite  feed 
lockhopper. 
„      Q225  Transferred  first  batch  of  dead-burned 

dolomite  to  the  regenerator. 
„      Q235  Started  filling  the  regenerator  with  dead- 

burned  dolomite  via  F-206,  fresh  dolomite 
lockhopper. 

TYansferred  a  batch  of  dead-burned  dolomite 
from  the  regenerator  to  the  gasifier. 
Started  solids  circulation. 
Started  solids  circulation  tests. 
Finished  the  solids  circulation  tests. 
Stopped  solids  circulation. 
Started  lift  line  gas  flow  tests. 
Finished  lift  line  gas  flow  tests. 
Introduced  steam  to  the  gasifier  side  flow 
and  started  removing  recycle  gas. 
Started  char  addition  to  the  gasifier  via 
F-204A. 

Started  withdrawing  dead-burned  dolomite 
to  F-213,  purged  dolomite  lockhopper. 
Started  auxiliary  fuel  feed  to  the 
regenerator. 

Started  air  flow  to  the  gasifier  side. 
Lost  auxiliary  fuel  feed  for  5  minutes. 
-70  8    Introduced  steam  into  the  gasifier  boot  flow. 
Started  grinding  lignite  in  the  100  area. 
Established  char  transfer  to  the  regenerator. 
Finished  grinding  lignite  and  began  grinding 
char  to  tote  bins.  ^ 
0      Regenerator  at  1800  F. 

Stopped  grinding  char  and  started  grinding 

lignite. 

Started  feeding  lignite  to  the  gasifier  via 

F-204A. 

Started  synthesis  gas  to  the  methanation 

unit.  .    _   , 

Sheared  a  pin  on  L-204A,  fresh  dolomite  feeder, 

L-204A  back  on  line. 


It 
II 

1100 
1240 

11 

M 
II 

1250 
1407 
1426 

M 

1449 

II 

1615 

II 

1730 

II 
It 

M 

10/24 
II 

It 

1900 
1915 
2125 
0010 
0110 
0240 

It 
It 

0430 
1015 

It 

1023 

It 

1205 

It 
It 

1540 
1555 

74 


Hours 
Date   Time      Run 


10/24  1630 


1700 


0920 
3.2.2  Run  29B 


Description 

High  pressure  in  F-204A  stopped  lignite 
feed  to  the  gasifier.   Loss  of  feed  caused 
pressure  swing  between  the  system  vessels 
and  char  transfer  and  auxiliary  char  feed 
were  lost. 

Stopped  grinding  lignite  due  to  a  high 
dryer  furnace  temperature  and  a  high 
differential  pressure  across  the  baghouse. 
Resumed  grinding  lignite. 
tnil^^"^  ^^^^^^S   lignite  to  the  gasifier. 
NOTE:  The  vent  on  F-204A  was  plugged  and 
had  to  be  cleaned  out. 

Started  feeding  char  to  the  gasifier  via 
F-204B. 

Finished  grinding  lignite  and  shut  down  the 
100  area 

Reestablished  char  transfer  to  the 
regenerator. 

System  lined  out  and  lignite  feed  to  the 
gasifier  resumed. 

Experienced  an  upset  in  the  gasifier  boot, 
stopped  dolomite  circulation. 
Gasifier  boot  back  under  control.  Resumed 
dolomite  circulation. 
22.5    Started  fresh  limestone  makeup  to  the 
regenerator. 

Started  grinding  lignite  for  the  preheater. 
Char  transfer  lost. 

Experienced  another  upset  in  the  gasifier 
boot.   Increased  the  boot  flow  and  lowered 
the  differential  pressure  between  the 
system  vessels.  Char  transfer  was  regained 
along  with  boot  stability. 
Gasifier  boot  upset  and  lift  line  dP's 
aidf)  nn  n         i^^icate  a  plugged  lift  line. 

27.2    Ruptured  tube  in  B-205  heater  discovered 
and  activated  an  ESD-2  shutdown.   By  re- 
ducing the  lift  gas  flow  to  the  engager 
pot,  F-222,  the  ruptured  heater  caused  the 
lift  line  to  plug. 
1;°:;^  system  depressured. 

Shut  down  the  100  area. 


n 

1915 

M 

1950 

n 

2030 

M 

2140 

n 

2200 

It 

2220 

10/25 

0223 

ti 

0230 

n 

0300 

i» 

0350 

II 

0500 

II 

0600 

0710 


1100         i  .  Started  pressuring  the  system  with  air, 
System  up  to  operating  conditions.   Started 
the  static  pressure  test. 
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Date   Time 


Hours 
Run 


11/7 


1120 
1225 

1312 
1530 

1600 


It 

1656 

II 

1910 

It 

2125 

II 

2400 

Ll/8 

0930 

II 

1130 

1330 


ri 

2123 

ri 

2143 

II 

2400 

1/9 

0015 

It 

0810 

II 

1055 

tt 

1120 

It 

1245 

It 

1300 

tt 

1430 

1505 


1610 


1615 


-48.5 


-21.0 


Description 

Finished  the  static  pressure  test. 

Started  the  recycle  gas  compressors  and 

began  gas  circulation. 

All  heaters  lit. 

Checked  the  gas  flow  through  the  Elliott 

turbine  blade  test  stand. 

System  temperature  at  250°F  and  started 

the  first  refractory  cure  temperature  hold. 

Checked  the  gas  flow  to  the  methanation  unit. 

Started  the  heater  differential  pressure 

tests. 

Finished  the  heater  differential  pressure 

tests. 

Finished  the  first  refractory  cure  holding 
period  and  began  raising  system  temperature. 
System  temperature  at  700°F.  Started  the 
second  refractory  cure  holding  period. 
Maintenance  worked  on  the  primary  fan, 
L~109-J1,  in  the  100  Area  to  correct  excessive 
vibration  and  hot  bearings. 
Finished  the  second  refractory  cure  holding 
temperature  and  began  raising  the  system 
temperature. 

System  up  to  temperature. 
Started  feeding  dead-burned  dolomite  to 
the  gasifier  via  F-204A,  fresh  lignite  feed 
lockhopper. 

Transferred  first  batch  of  dead -burned  dolo- 
mite to  the  regenerator  from  the  gasifier. 
Started  feeding  dead-burned  dolomite  to 
the  regenerator  via  F-206,  fresh  dolomite 
feed  lockhopper. 

Started  circulating  dead-burned  dolomite. 
Stopped  acceptor  circulation  to  work  on 
TCV-2030. 

Started  lift  line  gas  flow  tests. 
Finished  the  gas  flow  tests. 
Resumed  acceptor  circulation. 
Stopped  acceptor  circulation  due  to  erratic 
TCV-2030  control. 

Gasification  section  zinc  oxide  unit 
placed  on  line. 
Started  solids  circulation. 
NOTE:   The  actuator  linkage  on  TCV-2030 
was  found  to  be  bent. 
Started  solids  circulation  tests. 
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Hours 
Date    Time      Run 


11/9    1710 
1715 

"      1927 


2015 
2110 


2400 


11/10 

0245 

II 

0530 

II 

0805 

II 

0832 

II 

1000 

It 

1145 

II 

1730 

II 

1935 

11/11 

1500 

II 

1550 

II 

1630 

11 

1740 

II 

1750 

11 

1900 

M 

2000 

11/12 

0415 

II 

0650 

fi 

0700 

Description 

Finished  the  solids  circulation  tests. 

Started  calibration  tests  for  XCV-2073 

purged  dolomite  control  valve. 

Finished  the  calibration  tests  for 

XCV-2073. 

Started  steam  to  the  gasifier  side  flow 

Attempted  to  feed  char  to  the  gasifier 

via  F-204A. 

NOTE:   F-204A  will  not  feed  due  to  a  plug 

just  above  the  feeder. 

v^nl^.f   feeding  char  to  the  gasifier  via 
F-204A. 

NOTE:  Wet  dead-burned  dolomite  was 
found  above  the  feeder. 

Started  air  to  the  gasifier  side  flow  and 
removed  the  recycle  gas. 
Started  auxiliary  fuel  char  feed  to  the 
regenerator.  Started  char  withdrawal 
Started  steam  to  the  gasifier  boot  flow 
Established  char  transfer  through  LCV-2002 
0      Regenerator  at  1800  F. 

Char  transfer  was  lost  momentarily  when 
^-215,  char  removal  lockhopper,  was 
placed  on  line. 

Started  feeding  lignite  to  the  gasifier 
via  F-204A. 
9.6    Shutting  down  the  system. 

NOTE :  A  leak  in  the  gasifier  overhead  line, 
bP2-201,  water  jacket  was  causing  a  water 
hammer . 

Nn?f  ^'^T?''^^^"'''"^  "P  ^^^  ^y^^^""  ^ith  air. 
NOTE:  The  water  jacket  leak  was  repaired 
System  up  to  operating  pressure.  Started 
the  static  pressure  test. 
Finished  the  static  pressure  test. 
Started  all  recycle  gas  compressors. 
Lit  all  process  gas  heaters. 
Started  the  heater  differential  pressure 
tests. 

Finished  the  heater  differential  pressure 
tests. 

Started  filling  the  gasifier  boot  with 
dead-burned  dolomite  via  F-204A 
Transferred  a  batch  of  dead-burned  dolomite 
to  the  regenerator. 

Started  feeding  dead-burned  dolomite  to 
the  regenerator  via  F-206. 
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Date    Time 


11/12 

1355 

1520 

1545 

1550 

1600 

1700 

1800 


2105 


Hours 
Run 

-17.1 


11/13 

2345 
0225 

tt 

0320 
0700 
0830 

0 

II 
II 

0910 
1100 

11 

1527 

8.45 

II 

1930 

12.5 

11/14 
II 
II 

0210 
1125 
1515 

32.25 

II 

It 
II 

1605 
1610 
1645 

II 

1700-1846 

II 

1900 

II 

2040 

11/15 
II 


2400 

0715 
0955 


48.25 
50.9 


Description 

Started  circulating  dead-burned  dolomite. 
Zinc  oxide  unit  placed  on  line. 
Started  solids  circulation  tests. 
Finished  the  solids  circulation  tests. 
Started  steam  to  the  gasifier  side  flow. 
Began  feeding  char  to  the  gasifier  via 

F-204A. 

Maintenance  worked  on  the  primary  fan  m 

the  100  area.  The  fan  was  balanced  and 

the  unit  placed  on  line  again. 

Started  air  flow  to  the  gasifier  side 

and  removed  the  recycle  gas  flow. 

Started  steam  to  the  gasifier  boot  flow. 

Started  feeding  auxiliary  char  to  the 

regenerator. 

Established  char  transfer. 

Regenerator  at  1800  P. 

Char  feed  line  from  F-204A  to  the  gasifier 

plugged. 

Char  feed  resumed. 

Maintenance  finished  work  on  balancing 

the  primary  fan  in  the  100  area. 

Began  feeding  lignite  to  the  gasifier 

via  F-204A. 

Began  feeding  6X9  limestone  to  the 

system  via  F-206. 

Started  removing  air  from  the  gasifier. 

Started  CO  gas  flow  to  the  gasifier  boot. 

Char  transfer  lost  for  approximately  10 

minutes. 

Lost  char  transfer  again. 

Stopped  auxiliary  char  feed. 

Char  transfer  regained  and  auxiliary  char 

feed  resumed. 

Char  transfer  very  touchy  and  lost  several 

times. 

Zinc  oxide  tower  "A"  removed  from  service 

to  replace  absorbent. 

The  belt  on  the  roller  mill,  L-109-L1, 

broke.  The  100  area  was  shut  down  while 

maintenance  repaired  unit. 

System  slowly  lining  out  after  earlier 

upsets. 

All  air  out  of  the  gasifier. 

The  methanation  unit  was  placed  on  line. 
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Hours 
Date    Time     Run  Description 

11/15   2328  All  recycle  removed  from  the  gasifier 

boot  flow. 
2344  The  Redler  conveyor,  V-109,  in  the  100  area 

broke.   The  unit  was  shut  down  while  main- 
tenance repaired  the  conveyor. 

1W17   ?L°?      on  ..        ""^^  ^^"^^  °"^  ^^^^P^  ^°^  "ii"°^  adjustments. 
11/17   1045      99.75   Line  UAD-206  to  F-213  plugged.   While 

attempting  to  clear  the  line,  an  upset 
occurred  in  the  gasifier  boot.  Acceptor 
transfer  through  LCV-2003  stopped.  Over- 
head transfer  was  then  stopped  and  the 
interface  was  deliberately  blown.   Steam 
was  removed  from  the  gasifier  boot  flow  and 
recycle  was  put  in.   Lignite  feed  to  the 
,,  system  was  stopped. 

^^^^  The  methanation  unit  was  taken  off  line 

and  shut  down. 

ii'/i8  linn  Initiated  shutdown  procedures  for  the  system. 

11/18   0300  System  depressured. 
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RESULTS  AND  DISCUSSION 


4.1 


BACKGROUND 


The  Synthetic  Fuels  Pilot  Plant  program,  which  is  sponsored 
by  the  Energy  Research  and  Development  Administration  and  the  American 
Gas  Association,  is  committed  to  demonstrating  both  the  production  of 
synthesis  gas  from  coal  and  the  conversion  of  the  synthesis  gas  to  sub- 
stitute natural  gas  (SNG)  via  methanation.   In  the  program,  various 
methanation  schemes  are  to  be  demonstrated  so  that  actual  operational 
data  can  be  used  in  the  evaluation  of  alternate  methanation  reactor 
designs.   For  the  CO  Acceptor  Process  Coal  Gasification  Pilot  Plant, 
a  catalyst-in-tube,  externally  cooled  reactor  design  was  assigned  for 
study. 

The  construction  of  the  gas  processing  facilities,  which  incorpo- 
rated this  reactor  design,  was  completed  early  in  1975.  However,  due 
to  the  premature  shutdowns  of  several  runs  and  the  major  concentration 
of  effort  being  directed  towards  demonstrating  the  synthesis  gas  produc- 
tion step,  operation  of  the  methanation  unit  was  not  attempted  until 
Run  29.   For  Run  29  the  primary  objectives  were  the  checkout  of  the 
methanation  unit  equipment  and  demonstration  of  the  methanation  step. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  pilot  plant  operational  achievements  for  Runs  29A  and  29B 
are  summarized  below: 

SUMMARY  OF  PLANT  OPERATIONS 
HOURS  MAINTAINED 


Process  Conditions 
Lignite  Feed 
Acceptor  Circulation 
Fresh  Acceptor  Makeup 
Without  Air  to  Gasifier 
100%  Steam  to  Boot 
Methanation 


Run  29A 

Run  29B 

27 

109 

21 

93 

44 

149 

4 

87 

0 

52 

0 

35 

0 

49 
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.h.    Neither  Run  29A  nor  29B  was  of  sufficient  duration  to  allow  total 
changeout  of  the  original  dead-burned  dolomite  inventory.   Therefore 
truly  steady-state  operation  was  not  achieved.  However,  a  milestone' 

sta?ted'u^ff  r."  ?'"'''''  '"^'"^  '""  '''   ^^^"  ^^^  methanation  unit  was 
durlna  t^^         '"'"'  '''"^  ^"^  Operated.  The  experience  gained 
tZ^t     /^   '"''''  "^^  extremely  valuable  with  respect  to  operator  training 
and  the  functional  checkout  of  the  methanation  unit  equipment         ^ 


4.2.2  Plant  Data 


th.c-  29-1  through  29-11   summarize  the  plant  data  for  the  syn- 

in  Tahlff  .r^r'^^/f '''''"^-      ^^^  P^°^^^^  ^1°-  data  are  contai^d 
datlfor  ff!d  tn  r^  h''"'-      ''"'""  """^>'^^^  ^"^  ^h^'^i^-l  compo  "Ln 
through  29   nTh     ^"^  P^°<^^^^   ^°lid^  are  presented   in  Tables  29-5 
TaMe'29   12       TaMe  ^fjanation  unit  process  flow  data  are  contained   in 
lable  29-12.      Table  29-13  contains  the  data  for  the  temperature  profiles 


4.2.3  Methanation 


Figure  29-1  is  a  block  flow  diagram  which  shows  the  essential  pa^ 

ar:"'aTshi?rco"  ^^^-^^-^?i-  -i^-  The  processing  ste^Hnrder 
are   (1)  shift  conversion  to  allow  adjustment  of  the  hydrogen  and 
carbon  monoxide  content  of  the  quenched  synthesis  gas;    (tThlt   potassium 
carbonate  treatment  to  remove  the  bulk  of  the  sulfur  ;pecies  in^^Je 

de^^uJ^urizft'ionlat^r  f /''  f  ^'°"  ''''''''''    ^'^    ^"^-^  witiJ  hydro - 
hydroeen  su]f?L  r^^^K  '°  ''''^^"  ^">^  °^^^"^"  ^"^^"^  compounds  to 
(sfme^hanaJion  ^f^^^  absorption  of  all  trace  sulfur  on  zinc  oxide;  and 
L:>J  methanation  of  carbon  oxides  over  nickel  catalyst. 

eluded  In%h^T-'°"T''°u  ^"^  '^^  hydrodesulfurizer  units  were  in- 
cluded m  the  original  methanation  unit  design  only  because  the  aualitv 
of  the  synthesis  gas  from  the  pilot  plant  waf  unknown   At  the  time  tJe 

produced  in  th^L!^^  "'f  !  '""''"^  synthesis  gas  could  be  directly 
izer  and  shift  c™f'  "**  '^"^"°"  ""  '"="'«  ^°  i"<=l"de  hydrodesulfur- 
that  ?he  lulnlhlTZ'Zy''"^"-      5"^=«='"^"^  P"°t  plant  runs  have  shown 

3^r"o^%£rth-^^^^^^^^^^^ 

a^TnlrB-  an^-hip:orr-or;nL^ra:;=;^;  netHat^'  ;?:re 
are  no  plans  to  bring  either  unit  on  stream  during  any  future  ^un 
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The  methanation  unit  contains  two  different  methanation  reactor 
designs,  a  packed  tube  reactor,  and  an  adiabatic  reactor.  The  packed 
tube  reactor  design  is  shown  in  Figure  29-2.  Essentially,  the  reactor 
is  a  floating  head  exchanger  with  nickel  methanation  catalyst  filling 
the  tubes.  Synthesis  gas  enters  the  channel  section  of  the  exchanger 
and  travels  downward  through  the  tubes.  Here  reactions  between  hydro- 
gen and  carbon  oxides  take  place  to  produce  methane,  water,  and  heat. 

In  order  to  maintain  adequate  catalyst  activity  and  to  minimize 
carbon  deposition  on  the  catalyst,  the  maximum  operating^temperature 
recommended  by  most  catalyst  manufacturers  is  between  850  F  and  900  F. 
Therefore,  some  means  must  be  provided  to  control  the  catalyst  temperature 
rise   In  the  packed  tube  methanator,  this  is  accomplished  by:   (1)   ^ 
diluting  the  feed  gas  with  recycled  product  gas;  and  (2)  by  transferring 
a  large  portion  of  the  reaction  heat  through  the  tube  walls  to  a  boiling 
liquid  on  the  outside  of  the  tubes.  Dowtherm  A  is  used  in  the  pilot 
plant  as  the  heat  transfer  agent. 

The  packed  tube  reactor  contains  160  1 -inch-diameter  14-BWG 
tubes.  Of  these,  152  tubes  contain  5  feet  of  l/8-inch-by-l/8-inch 
catalyst  cylinders.  The  catalyst  is  supported  at  the  bottom  of  the  tube 
by  3  inches  of  1/8-inch  diameter  thermowells  which  extend  axially  down 
the  entire  length  of  the  tubes.  Movable  thermocouples  are  used  in  the 
wells  to  monitor  the  catalyst  temperatures.  Figure  29-3  shows  the 
locations  of  the  thermowell -containing  tubes,  and  Figure  29-4  shows  two 
typical  temperature  profiles  obtained  during  Run  29B. 

In  order  to  insure  equal  gas  flow  through  all  tubes,  the  thermo- 
well -containing  tubes  were  filled  with  7  feet  of  catalyst.  Obviously, 
because  the  catalyst  packing  order  is  different,  the  temperature  pro- 
files will  not  be  exactly  identical  between  tubes  which  contain  and 
tubes  which  do  not  contain  thermowells.  While  possibly  not  the  best 
means,  the  present  thermowell  design  was  the  most  practical  method  of 
obtaining  temperature  profiles  in  the  pilot  plant  reactor.   If  larger 
diameter  tubes  are  eventually  used,  the  distinction  between  the  tube 
temperature  profiles  should  fade. 

The  operation  of  the  packed  tube  reactor  is  of  primary  concern 
because  the  reactor  design  may  be  economically  attractive  for  commercial 
applications.  The  main  advantage  of  the  design  is  that  it  would  allow 
minimization  or  elimination  of  gas  recycle  to  the  methanation  reactors. 

The  adiabatic  reactor  is  an  insulated  vessel  which  contains 
approximately  6.5  cubic  feet  of  catalyst.  This  reactor  was  included  in 
the  pilot  plant  design  as  a  cleanup  reactor.   Its  function  is  only  to 
insure  that  the  concentration  of  carbon  monoxide  in  the  final  product 
gas  is  below  the  0.1  volume  percent  specification  set  for  SNG  from  coal. 
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During  Run  29A  the  methanation  unit  reactors  were  held  in  a 
standby  condition  by  circulating  a  hot  mixture  of  nitrogen  and  hydrogen 
through  the  catalyst  beds.  After  lignite  feed  to  the  gasifier  was 
established  a  slip  stream  of  synthesis  gas  was  admitted  to  the  methana- 
tir^f    "  ^     potassium  carbonate  tower.  The  overhead  product  from 
the  tower  was  vented  to  the  plant  flare.   Carbonate  circulation  was 
successfully  controlled  and  maintained  between  the  absorber  and  the 
stripper.  However  due  to  an  accumulation  of  pipe  scale  material  (71 
weight  percent  Fe  0  )  m  the  block  valve  which  admits  synthesis  gas  to 
the  methanation  siclion,  control  of  the  gas  flow  was  un^liable.'  Before 
attempts  could  be  made  to  clear  the  blocked  valve,  the  acceptor  lift  gas 
heater  coil  ruptured,  thus  terminating  the  run.  ^ 

ea.il V  M^!^!/"""  ^^^  discovery  of  several  plugged  lines  which  were 
easily  cleared,  operation  of  the  methanation  unit  during  Run  29B  was 
trouble  free.  As  mentioned  before,  no  attempt  was  made  to  operate  the 
shift  converter  or  the  hydrodesulfurizer  reactor.  The  gas  purification 
consisted  of  carbon  dioxide  and  bulk  sulfur  removal  in  fhe  hot  potass?! 
carbonate  tower  followed  by  final  sulfur  removal  with  zinc  oxide 


nn^^-  ^!  ^  ^"^^  methanator  was  brought  on  line  slowly  by  first 

s^th^fic   """.''  °u   '°'^^  '■'">''^"  ^"^  ^^^"  gradually  admitting  purified 
synthesis  gas  to  the  reactor.  Approximately  one-third  of  the  total 
gasifier  product  gas  was  eventually  being  methanated.  The  recycle- 
to-feed-gas  ratio  had  been  dropped  to  1.6:1  without  exceeding  the  850°F 
catalyst  temperature  limit  set  for  this  run. 

th.^  .J^^  P^  ^^''^^"'  compositions  presented  in  Table  29-12  clearly  show 
that  complete  conversion  of  both  carbon  dioxide  and  carbon  monoxide  to 
methane  took  place  in  the  packed  tube  reactor.  However,  the  heating 
value  of  the  methanated  product  was  low  for  the  run  bec^u  e  the  potL- 
sium  carbonate  tower  was  too  efficient  in  removing  carbon  dioxide  from 
the  quench  synthesis  gas.  Adjustment  of  the  tower  operation  in  future 
runs  to  leave  in  enough  carbon  dioxide  to  react  with  the  available 

9^o'Bfu7sCF!'  "'''  ^'"'"'^  P^°'"^^  '^'^^   ^^^^  heating  values  of  over 


4.3    PROBLEMS 

4.3.1  B-205  Heater  Failure 


prior  to^Rur29A'"  Th'  ^"^P^^f  ^^f  g^^  heater,  B-205,  was  replaced 
?r^  J  ^   T      •  ^^^  P^P®  ^^11  °^  the  previous  coil  which  was  fabri 
cated  of  Inco  oy  800  had  thinned  after  18  months  of  service.  ?he  re 
placement  con  was  made  of  Inconel  702,  an  aluminum  bearing  alloy  thought 
to  be  resistant  to  carburization  attack.   To  provide  a  protective  re 
sistant  oxide  film,  the  coil  was  carefully  pretreated  wUh  4  "to 
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1450°F  steam  and  air.  Hot  steam  was  first  passed  through  the  furnace 
coil  for  4  hours,  then  hot  air  was  passed  through  the  coil  for  16 
hours   Despite  this  treatment  rapid  corrosion  occurred  and  the  coil 
failed  afte?  only  62  hours  of  operation.  The  failure  was  ^ue  to  severe 
Ifur  attack  of  the  metal  near  the  high  temperature  outlet  end  of  the 


su 
coil. 


Since  Incoloy  800  material  served  reasonably  well  in  the  acceptor 
lift  gas  heater  service,  a  new  Incoloy  800  coil  was  i^^stalled  m  the 
B-205  heater  prior  to  R^n  29B.  This  action  has  not  solved  the  corro- 
sion problem.  However,  the  solution  is  only  of  academic  interest, 
since  commercial  plant  designs  do  not  incorporate  a  lift  gas  heater. 

4.3.2  Expansion  Joint  Failure 

During  Run  29A  the  external  expansion  joint,  EJ-2  located  on 
the  recarbonated  acceptor  standleg,  CD-204,  developed  a  leak^  This 
was  the  second  time  that  this  expansion  joint  had  failed.  The  orig 
inal  304  SS  unit  failed  during  Run  19.   It  was  replaced  with  an 
identical  unit  before  the  new  units  made  of  annealed  Incoloy  825  alloy 
were  available   Stress  corrosion  cracking  from  the  mside  of  the  ex- 
; rsir  iint'was  again  responsible  for  the  ^-^-^;^f;;^32r:°f,;:;;i, 
pansion  joint.  The  unit  was  replaced  with  a  new  Incoloy  825  alloy  unit. 

4.3.3  Deposits 

After  both  Runs  29A  and  29B,  the  regenerator  and  gasifier  ves- 
sels were  opened  for  inspection.   Both  regenerator  inspections  revealed 

ha  the  reactor  was  in  good  condition.  O^ly/^-^r^f^^.^^^^^P^r 
were  found  on  top  and  behind  the  air  distributor  ring.  Although  the 
deposi?s  were  no?  analyzed  after  Run  29,  past  analyses  have  shown  that 
the  deposits  are  mostly  dead-burned  dolomite.  The  deposits  are  not 
considered  to  be  a  process  problem,  since  they  formed  m  a  dead,  non- 
fluidized  area  in  the  reactor. 

The  gasifier  inspection  revealed  the  following.  After  Run  29A  a 
large  dl^osft'hich  visSally  appeared  to  be  dead-burned  do  omite  was 
found  in  the  gasifier  boot.  The  deposit  fill^d^PP^°JT'"^^/r°\, 
thirds  of  the  boot  volume  between  the  boot  gas  distributor  and  18  to 
24  Inches  above  the  distributor.  No  deposit  was  found  -/he  transi- 
tion section.  However,  four  of  the  bubble  caps  on  the  -de  flow 
steam  distributor  were  found  to  have  been  burned  away   After  Run  298 
the  gasifier  boot  was  found  to  contain  only  about  50  pounds  of  dead 
burned  dolomite  deposit  material  on  the  lower  walls  and  °"^°P  °^ 
the  boot  distributor.  The  transition  section  contained  a  large  funnel 
shaped  deposit  which  covered  the  side  flow  distributor  ring  and  gradu- 
ally tapered  to  the  wall  about  2  feet  above  the  ring. 
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The  formation  of  the  gasifier  deposits  is  not  of  particular 
concern.  The  deposits  were  probably  not  the  result  of  processes 
which  gradually  allowed  formation,  but  were  rather  the  result  of  cha- 
otic conditions  which  existed  in  the  gasifier  after  the  major  upsets 
which  ultimately  terminated  both  runs.  up:>ei-i, 

cans  nroh^M^'  ""^^   destruction  of  the  four  side  flow  distributor  bubble 
caps  probably  occurred  early  in  Run  29A  when  the  gasifier  was  being 
filled  with  dead-burned  dolomite  from  a  lignite  lockhopper.  Examination 
of  the  gasifier  temperature  charts  indicates  that  a  small  heel  ^f 
lignite  may  have  existed  in  the  bottom  of  the  lignite  lockhopper  or  in 
was  fed"?h^T''T  °'  ''"  lockhopper.  When  the  dead-burned  dolom  L 
was  fed,  the  lignite  was  also  fed  and  burned  in  the  gasifier   Although 
the  destruction  of  the  bubble  caps  did  not  noticeably  affect "the  gas i? 

happeHgaln?"'  ^'''°"'  ^^'  ^"'"^  '^^'"  '°  ^^^"^"  '^^^  ^^  ^^^^  "of 
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FUTURE  PLANS 


Plant  operation  at  the  end  of  Run  29B  was  essentially  identical 
to  the  steady-state  operation  during  Run  28B.  Two  mechanical  problems 
marred  the  run:   (1)  ?he  operation  of  the  reject  -ceptor  lockhopper 
and  (2)  operation  of  the  char  removal  lockhopper.  Both  of  these  lock 
hoppers  interact  with  sensitive  areas  of  the  P-— '  ^^^J^^^,^  ^"^^  'J^^ 
fuel  char  standleg.  Early  in  the  run,  an  upset  originating  m  the  char 
r^^ival  lo^khoppers  caused  loss  of  the  fuel  char  flow,  ^^ubsequent 
adjustment  of  the  controls  eliminated  further  upsets  J^^e  upset  occurring 
at  the  reiect  acceptor  lockhopper  resulted  in  loss  of  control  of  the 
char  accejror  interface  level  and  ultimately  caused  termination  of  the 
run.  Similar  upsets  had  occurred  during  Runs  28A  and  28B. 

The  reoccurrence  of  upsets  related  to  ^^e  reject  lockhopper  led 
to  the  conclusion  that  the  hopper  had  to  be  moved  or  modified.  The  de 
cision  was  iade  to  move  the  withdrawal  to  the  top  of  the  regenerator 
based  on  the  following  factors: 

(1)     The  new  reject  acceptor  lockhopper  would  not  interact 
with  a  sensitive  area  of  the  process. 

An  existing  regenerator  nozzle  designed  to  carry  acceptor 
to  the  devolatilizer  could  be  used  for  the  withdrawal. 

Calculations  indicated  that  this  system  would  adequately 
control  the  intermediate  fines  concentration,  thereby  elim- 
inating the  use  of  the  char  removal  hoppers  as  well. 

Two  special  runs  have  been  designed  to  provide  i^^P^f  ^"^  P^^'}^ 
data  while  the  new  reject  acceptor  lockhopper  is  being  installed,   in 
these  rins  Run  30  and  Run  31,  the  reactors  will  be  operated  one  at  a 
time   in  Run  30  the  regenerator  will  be  operated  to  provide  system  heat 
Ind  material  balance  data  in  the  absence  of  circulating  acceptor   A 
batch  nuidized  bed  of  dead-burned  dolomite  will  be  maintained  at  proc- 
ess temperatures  with  heat  supplied  by  the  combustion  of  auxiliary  fuel 
with  air. 

Run  31  will  be  made  using  the  gasifier  alone.  The  run  will  con- 
sist of  two  parts.  First,  Husky  char  will  be  fed  at  rates  approaching 
normal  process  operation.  Heat  and  material  balance  fja  will  be  ob- 
tained. Heat  will  be  supplied  by  burning  a  portion  ^^  J^^^^f  ^^.^^^^^^ 
carbon  with  air  added  to  the  inlet  steam    n  the  seco^  Tf'sibMW- 

^oufrr^ill^bf pr^oxiSLS'  "hlsVaSria!  will  be  fed  to  the  gas 
i?ier  first.   Subsequently,  unpretreated  subbituminous  coal  ^lU  be  fed 
The  run  will  provide  information  on  the  performance  of  the  subbituminous 
coal  with  respect  to  pretreatment  level,  define  any  operability  prob- 
lems, and  provide  some  steam-carbon  kinetics  data. 
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Run  29A 


Velva 
Lignite 

Husky 
Char 

Dead- Burned 
Dolomite 

Date 

10/24/75 

10/24/75 

10/11/75 

Screen  Size,  Wt  % 

Tyler  Mesh 

♦  20 

20  X  48 

48  X  100 

-100 

11.5 

52.0 

26.8 

9.7 

20.4 
49.1 
20.5 
10.1 

Screen  Size,  Wt  % 
Tyler  Mesh 
♦  9 
9  X  12 
12  X  20 
20  X  28 
-28 

0.2 

31.9 

64.9 

2.2 

0.7 

Ultimate  Analysis,  Wt  % 
Moisture 

2.41 

3.12 

C 

H  ♦  Moisture  H 

66.86 
4.44 

69.79 
2.36 

S 

Ash  ♦  SO3 

0.50 
7.48 

1.46 
17.67 

RUN  29B 

Velva     Velva   Auxiliary  Char 
Lisnite   Lignite  to  Regenerator 


Date 

Screen  Size,  Wt 

Tyler  Mesh 

♦  10 

10  X  20 

20  X  48 

48  X  100 

-100 


11/14/75 


-11/15/75- 


0.7 

0.7 

21.0 

26.6 

53.2 

53.3 

20.9 

16.7 

4.2 

2.7 

1.5 
30.5 
53.6 
12.5 

1.9 


11/16/75 


0.2 
25.1 
53.5 
17.4 

3.8 


Screen  Size,  Wt 

Tyler  Mesh 

♦8 

8X9 

9  X  10 

10  X  12 

12  X  14 

14  X  16 

16  X  20 

20  X  24 

24  X  28 

-28 


Bulk  Density,  Ib/cu  ft     41.0 


%  Sulfide 

%  Calcine  Weight  Change 

Ultimate  Analysis,  Wt  % 
Moisture 

1.52 

1.52 

2.62 

C 

II  ♦  Moisture  H 

66.26 
3.81 

65.59 
4.55 

69.34 
2.40 

S 

Ash  ♦  SO3 

0.52 
7.23 

0.62 
6.94 

1.51 
15.36 

Elemental  Analysis,  Wt  % 
SiO, 

SO, 

Na.O 
Ca6 

MgO 

KjO 

FejO, 
Tiflj 

1,94 
65.67 
4.61 
0.63 
6.73 


Minnekahta 
Limestone 

Composite 


2.6 

43.6 

33.5 

13.7 

4.5 

1.5 

0.3 

0.3 

Tr 

Tr 


0.01 
■42.7 


4.12 
0.09 
0.03 
93.94 
0.87 
0.05 
0.04 
1.05 
0.35 
0.05 


Table  29-5.      FEEDSTOCK  COMPOSITES,    RUNS   29A  AND  29B 

97 


Date 

Time 

Screen  Size,  Wt 

Tyler  Mesh 

+9 

9  X  12 

12  X  20 

20  X  28 

-28 


S-9 
10/23/75 
2145 


10/24/75 
1200    2000 


10/25/75 
0400 


2.0 

0.7 

1.5 

2.6 

2.3 

53.5 

53.1 

61.0 

0.6 

44.6 

43.9 

34.6 

2.8 

1.2 

0.9 

1.0 

2.3 

Tr 

0.6 

0.8 

S-10 


Date 

10/23/75 

10/24/75 

10/25/75 

Time 

2200 

0800 

1600 

0000 

0800 

Screen  Size,  Wt  % 

Tyler  Mesh 

+  8 

Tr 

Tr 

8X9 

0.7 

0.9 

0.4 

0.4 

1.4 

9  X  10 

11.2 

10.1 

10  X  12 

36.1 

28.3 

41.4 

40.5 

25.5 

12  X  14 

30.3 

28.7 

14  X  16 

20.7 

28.7 

16  X  20 

59.2 

5.4 

54.9 

53.8 

4.8 

20  X  24 

1.0 

0.7 

24  X  28 

2.3 

0.5 

2.2 

1.8 

Tr 

-28 

1.6 

1.7 

1.1 

3.4 

0.3 

Table  29-6.   CALCINED  ACCEPTOR  (S-9)  AND  RECARBONATED  ACCEPTOR  (S-10),  RUN  29A 
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Date 

Time 

Carbonate  Tower 

Feed  Gas,  SCFH  CWet) 
Feed  Gas.  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  Cnry) 
N2  (Dry) 
CO  (Dry) 
CH4  (Dry) 
CO2  (Dry) 
H2O 

MW  (Wet) 
HHV,  BTU/SCF  (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (i) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  PSIG 
Compositions,  Mol  % 
H2  (Dry) 


^2 

(Dry) 

CO 

(Dry) 

CH4 

(Dry) 

CO2 

(Dry) 

HjU 

1* 

MW 

(Wet) 

HHV, 

BTU/SCF 

CDry) 

Recycle 

I  Rate 

Feed 

Gas,  SCFH  (Wet) 

Feed 

Gas,  SCFH  (Dry) 

Temperature, 

"F 

Pressure,  PSIG 

Compositions 

,  Mol  % 

H2 

(Dry) 

N2 

(Dry) 

CO 

(Dry) 

CH4  (Dry) 
CO2  (Dry) 
H2O 

MW  (Wet) 
HHV,  BTU/SCF  (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH  (Wet) 
Feed  Gas.  SCFH  (Dry) 
Temperature,  °F 
Pressure,  PSIG 
Compositions,  Mol  % 

H2  (Dry) 

N2  (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO2  (Dry) 

H2O 

MW  (Wet) 
HHV,  BTL'/SCF  (Dry) 

Water  Make,  Ib/hr 

Dowtherm  Circulation  Rate,  Ib/hr 
Temperature  to  DC-402,  °F 
Temperature  from  DC-402,  °F 

Dowtherm  Condensed,  Ib/hr 


U/lS/75 

11/15/75 

11/15/75 

11/16/75 

11/16/75 

11/16/75 

11/17/75 

1100 

1500 

2300 

0700 

1500 

2300 

0700 

33,671 

33,308 

33,670 

32,818 

33,547 

33,070 

33,048 

33,194 

33,134 

33,513 

32,673 

33,396 

32,963 

32,913 

93 

93 

88 

,86 

87 

77 

83 

133 

133 

127 

126 

128 

128 

124 

59.60 

59.54 

59.80 

59.70 

60.10 

58.89 

.59.96 

3.90 

2.90 

3.60 

3.10 

3.50 

3.12 

2.80 

13.80 

13.09 

12.90 

13.30 

13.10 

13.47 

14.51 

13. 10 

13.19 

13.30 

13.00 

13.70 

13.37 

13.11 

9.60 

11.29 

10.40 

10.90 

9.60 

11.16 

9.61 

0.  52 

0.52 

0.47 

0.44 

0.45 

0.33 

0.41 

12.51 

12.79 

12.56 

12.70 

12,31 

12.90 

12.42 

370 

368 

369 

367 

375 

369 

373 

15, 596 

22,102 

21,078 

22,244 

26,765 

26,847 

26,596 

15,017 

20,643 

19,082 

20,759 

25,147 

25,474 

25,210 

394 
461 

618 

697 

697 

688 

684 

685 

480 

518 

518 

506 

515 

517 

537 

561 

583 

582 

59  S 

608 

608 

104 

104 

104 

105 

105 

105 

104 

65.57 

64.40 

64.74 

67.00 

66.27 

65.70 

65.80 

4.60 

5.10 

4.60 

3.10 

3.20 

3.90 

3.60 

12.01 

10.90 

9.09 

10.10 

10.51 

11.00 

11.50 

14.21 

13.50 

14.09 

14.30 

14.81 

14.80 

14.20 

3.60 

6.10 

7.49 

5.50 

5.21 

4.60 

4.90 

3.71 

6.60 

9.47 

6.68 

6.05 

5.11 

5.21 

10.15 

11.12 

11.39 

10.31 

10.. 34 

10.51 

10.41 

395 

380 

381 

394 

398 

398 

394 

39,820 

42,661 

40,674 

42,434 

43,537 

42,521 

43,226 

39,705 

42,525 

40,566 

42,299 

43,413 

42,445 

43,152 

133 

130 

128 

127 

134 

127 

125 

130 

130 

125 

130 

135 

135 

140 

22.50 

28.50 

26.17 

27.30 

30.10 

24.40 

23,70 

14.30 

6.10 

10.39 

6.40 

6.60 

6.40 

6.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

63.20 

65.40 

63.44 

66.30 

63.30 

69.20 

70.30 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.  29 

0.32 

0.27 

0.32 

0.28 

0.18 

0.17 

14.61 

12.79 

13.63 

13.00 

12.63 

13.39 

13.44 

711 

753 

726 

758 

737 

778 

787 

14,813 

9,110 

9,155 

8,747 

10,240 

10,068 

10,059 

14,771 

9,081 

9,130 

8,719 

10,211 

10,050 

10,042 

65 

67 

62 

67 

63 

50 

49 

93 

90 

90 

90 

87 

87 

87 

22.50 

28.50 

26.17 

27.30 

30.10 

24.40 

23.70 

14  .30 

6.10 

10.39 

6.40 

6.60 

6.40 

6.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

63.  20 

65.40 

63.44 

66.30 

63.30 

69.20 

70.30 

0.00 

-0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.  29 

0.32 

0.27 

0.32 

0.28 

0.18 

0.17 

14.  61 

12.79 

13.63 

13.00 

12.63 

13.39 

13.44 

711 

753 

726 

758 

737 

778 

787 

.NA 

NA 

NA 

NA 

NA 

NA 

NA 

83,480 

73,860 

82,080 

82,050 

81,600 

81,180 

81,070 

572 

592 

615 

616 

629 

641 

644 

555 

585 

620 

620 

630 

645 

650 

1,560 

1,390 

1,680 

1,800 

1,390 

1,880 

2,460 

The  percent  moisture  was  determined  assuming  water-gas  shift  equilibrium  at  925  F. 


•NOTE : 

(1)  Temperature  of  flow  measuring  orifice. 

(2)  Tenperature  of  fresh   feed  gas  plus   recycle   at   reactor  inlet. 

(3)  Tenperature  of  reactor  effluent. 


Table  29-12.   METHANATOR  PROCESS  FLOWS,  RUN  29B 
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RUN  30 


NOVEMBER  26  TO  DECEMBER  7,  1975 


CO2  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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SUMMARY 


Run  30  consisted  of  a  single  vessel  operation  in  which  the  regen- 
erator system  was  isolated  from  the  gasifier.  The  reactor  was  fined 
with  a  batch  of  dead-burned  dolomite  and  brought  to  operating  temperature 
by  burning  Husky  char  in  the  fluidized  acceptor  bed.  ^he  chL  waflup 
plied  to  the  reactor  from  the  auxiliary  char  system.  The  run  lasted 
188  hours  during  which  three  balance  periods  were  obtained.  Sumcient 
heat  and  material  balance  data  were  collected  to  calculate  a  heat  loss 
on  the  regenerator  system.  The  run  was  voluntarily  ended.  Afterward 
inspection  of  the  regenerator  revealed  no  deposits         Atterward, 
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2   TEST  DATA 

Run  30  data  are  presented  graphically  and/or  tabularly  at  the 
end  of  this  run  repor?.  These  tables  include: 

Page 

Table  30-1.  Regenerator  Data  for  Run  30  (8  sheets) •  •  '  ^^^^^ 

Table  30-2.  Char  Compositions  for  Run  30 ^  ^  ^^^^ 

Table  30-3.  Ash  Lockhopper  for  Run  30 ^^^ 

Table  30-4.  Ash  Compositions  for  Run  30  (2  sheets)  .  • ^^^ 

Table  30-5.  Ash  Size  Distribution  and  Elemental  Analysxs,  

Table        ^^^  ^^^  ^^  ^^  ^^^^^^3  ^^^ 

Table  30-6.  Heat  and  Material  Balance  Data  for  Run  30 ^^^ 

Table  30-7.  Regenerator  Inventory  for  Run  30  
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 


3.1    OBJECTIVE 


h^^.nrJ^L^         II   °^J^^^^^^  °^  '^"^  30  was  to  collect  heat  and  material 
balance  data  on  the  isolated  regenerator  system  in  order  to  obtain  a 
more  accurate  estimate  of  heat  loss  from  the  regenerator. 

t.c^  .J^/T   ^^^°  decided  to  check  out  the  operation  of  the  turbine 
test  stand  during  this  run,  since  it  could  not  interfere  with  the 
operation  of  the  gasifier. 

3.2    RUN  PROCEDURE 

ir..   kt"^!?^  regenerator  was  isolated  from  the  gasifier  system  by  install- 
ing b  mds  m  all  lines  between  the  gasifier  and  the  regenerator   A 
normal  operating  level  of  dead-burned  dolomite  was  established  in  the 
regenerator.  The  regenerator  was  then  heated  up  to  1860°F  by  combus! 
tion  of  char  which  was  fed  via  the  auxiliary  char  feed  system. 

After  the  regenerator  bed  temperature  reached  1860°F  the  fuel 
and  air  rates  were  held  constant  for  a  period  of  48  hours  during  which 
heat  and  material  balance  data  were  collected. 

For  two  other  balance  periods  the  recycle  gas  preheat  tempera- 
ture was  reduced  from  1400°F  to  llOO^F  and  to  600°F  respectively  ^ 
oflhrrec'cirgL'''"'"'  '°  compensate  for  the  reduced  temperature 

3.3    ACCOMPLISHMENTS 

lems  encoin?erer'''?h  °^  '^'  '"''"  ''"^'  ^'^^"^"^  ^^^^  ^°  operational  prob- 
lems  encountered.  The  regenerator  was  operated  for  a  total  of  188 

rlTAt^  ^"""r   ^°"^i^i°"^  during  which  all  necessary  heat  and  mate- 
rial balance  data  were  obtained.  The  turbine  test  stand  was  operated 

2ilt'nT"J'^'  '''  '''  '   P^^i°^  °^  approximately  127  hou?s  during 
which  dust  loading  and  pressure  drop  data  were  obtained.  ^ 

3.4    MODIFICATIONS  AND  CHANGES  MADE  PRIOR  TO  RUN  31 

fn.  ho/f^®""  ^^^  scheduled  shutdown  of  Run  30,  the  gasifier  was  prepared 

t  St  thf  opSintv'of°'\1"  '^'^  ^"'  ^^^^^^^^  ^^^'"-  data  a^nd'a^L  to 
as  feedstocks     ^    subbitummous  and  preoxidized  subbituminous  coal 
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3.5    CHRONOLOGY  OF  OPERATIONS 

Date    Time  Description 

Pressure  testing  system. 

Started  refractory  cure  for  patchwork  done  in  regen- 
erator. 

Refractory  cure  complete. 

Started  filling  regenerator  with  dead -burned  dolomite. 
Regenerator  bed  established. 
Started  auxiliary  fuel  char  to  regenerator. 
Regenerator  at  ISSO^^F,  lining  out  auxiliary  fuel  char 
and  air  flow. 

Initiating  balance  period  No.  1. 
Put  Elliott  test  stand  in  service. 
Ending  balance  period  No.  1 
Took  Elliott  test  stand  out  of  service. 
Increasing  flow  to  regenerator  in  an  effort  to  elutriate 
accumulated  ash. 
2355    Lowering  B-205  lift  gas  heater  temperature  for  second 

balance  period. 

Put  Elliott  test  stand  back  in  service. 
Initiating  balance  period  No.  2. 

Lowering  B-205  lift  gas  heater  for  third  balance  period. 
Ending  balance  period  No.  2. 
Initiating  balance  period  No.  3. 
Ending  balance  period  No.  3. 

Took  Elliott  test  stand  out  of  service,  preparing  sys- 
tem for  shutdown. 


11/26 

1649 

11/27 

0800 

11/28 

1000 

II 

2140 

11/29 

0540 

II 

0935 

It 

1300 

M 

1725 

12/1 

1313 

12/2 

1153 

It 

1600 

II 

2130 

12/3 

0230 

II 

0830 

12/4 

0800 

M 

1130 

M 

1200 

12/7 

0828 

II 

0900 
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4   RESULTS  AND  DISCUSSION 
4 . 1   BACKGROUND 


The  reoccurrence  of  gasifier  ud<;pi-<;  -r^iai-o^  -h^  -h. 


balance  dft.?^J;?!  primarily  to  obtain  heat  and  material 
balance  data  from  which  a  more  accurate  estimate  of  the  total  heat 
loss  from  the  regenerator  system  could  be  calculated   R,,n?n  =?! 

:ni?rf-coit™i:r— :£-- --^^ 

drop  indicated  ^hrt^'frelene^at  1„v1  ^or^^  L^fi^cr:a:inf  ■^Th^""^^ 

nJel'^lnd^'^y  ^rr'"'"^  '^'   ^"^1^"^  °^  ^h^  "let  ^nd  o"tf;t  lo  d 
streams  and  calculating  an  ash  balance.  Prior  to  the  start  of  III 

second  balance  period,  the  accumulated  ash  in  the  reLnerlt.r  h»H  , 

elutriated  by  increasing  the  gas  velocity  from  2  6  fI/Sec  to  3  2  FT%Pr 

increased  acceptor  ^^ll^^  Zi'llZ/ZX^  f^   rd^c^^L. 

4.2  PLANT  DATA 

^^f^l^  ^^^^^^^   ---f  conditions 

Hus.y':h":  fe'^i^o^J^h^  th^ru"!  ^"">'=^=  °^  ^^^  ^^  ^i"  "^ 

run  ^^?i^  ^?"^  ^'^^^  ^^^  ^^^  ^^^  lockhopper  dumps  throughout  the 

TaW^y  ITstTT''   '^'""  °^  ^'^^  ^"^  <'^*-  is  list  dS  Table  30-6 
hour  int^rva  s   Th  ''"generator  inventory  throughout  the  run  at  four' 
t  ^f  ?  o^l:^;qJ  Ln^'^"''^""'"  '""'"'"''   "-  approximated  by  using 


W  =  g£  A  *  AP 
g 
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Where:    A  =  The  regenerator  cross- sectional  area,  ft 

g  =  Acceleration  of  gravity,  ft/sec  ^ 

gc  =  Newton's  law  conversion  factor,  ft-lb/(lb£-sec  ) 
AP  =  Differential  pressure  across  the  ^ 
fluidized  regenerator  bed,  Ib^/ft 
W  =  Weight  of  fluidized  bed,  lb 

Heat  and  material  balances  have  not  been  provided,  since  this 
is  beyond  the  present  scope  of  this  data  report. 
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FUTURE  PLANS 


Run  31  will  be  conducted  using  only  the  gasifier  reactor.  The 
run  IS  designed  to  test  the  need  for  subbituminous  coal  pretreatment 
prior  to  using  the  coal  as  a  gasifier  feedstock.  The  run  will  also 
provide  additional  data  on  gasifier  heat  losses  and  should  provide 
some  information  on  the  steam-carbon  gasification  kinetics 
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Date 

11/29/75 
11/30/75 


12/1/75 


12/2/75 


\2/Z/lS 


12/4/75 


12/5/75 


12/6/75 


mills 


Time 

2000 

0000 

0400 

0800 

1200 

1600 

2000 

0000 

0400 

0800 

1200 

1600 

2000 

0000 

0400 

0800 

1200 

1600 

2000 

0000 

0400 

0800 

1200 

1600 

2000 

0000 

0400 

0800 

1200 

1600 

2000 

0000 

0400 

0800 

1200 

1600 

2000 

0000 

0400 

0800 

1200 

1600 

2000 

0000 

0400 

0800 


Bed 
AP  in  H2O 

445.50 

445.79 

445.01 

448.22 

450.19 

450.55 

450.55 

458.99 

458.99 

461.17 

459.35 

465.82 

469.81 

472.27 

473.33 

467.22 

467.89 

466.45 

485.58 

478.08 

448.86 

452.88 

451.08 

448.20 

448.20 

445.92 

445.20 

442.32 

440.82 

433.32 

433.32 

433.62 

430.02 

428.58 

427.14 

421.32 

406.56 

406.68 

395.85 

382.95 

368.88 

355.2 

355.14 

363.39 

355.68 

350.76 


A  *  AP  Total 
Inventory,  Lbs 

13766 

13775 

13751 

13850 

13911 

13922 

13922 

14183 

14183 

14250 

14194 

14394 

14517 

14593 

14626 

14437 

14458 

14413 

15004 

14773 

13870 

13994 

13938 

13849 

13849 

13779 

13757 

13667 

13621 

13390 

13390 

13399 

13288 

13243 

13199 

13019 

12563 

12566 

12232 

11833 

11398 

10976 

10974 

11229 

10990 

10838 


Accumulation  Rate, 
Lbs/Hr 


+9.4 

+9.0 
+32.6 

+8.4 
+  18.0 
+24.9 
-19.5 

-3.0 
+45.0 
-97.4 
-18.1 

-8.8 
-14.0 
-34.6 

-1.1 
-19.5 
-28.0 
-56.6 
-91.6 
-107 
+31.6 
-48.9 


TABLE  30-7.  REGENERATOR  INVENTORY  FOR  RUN  30 
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RUN  31 
DECEMBER  9  TO  DECEMBER  28,  1975 

RUN  32 
JANUARY  3  TO  JANUARY  13,  1976 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 


Runs  31  and  32  were  batch-type  runs  in  which  the  gasifier  system 
was  isolated.  Air  was  injected  into  the  char  bed  to  provide  the  heat  for 
the  gasification  reactions. 

Run  31  was  of  sufficient  length  to  obtain  four  balance  periods 
using  Husky  char,  preoxidized  Westmoreland  subbituminous,  untreated 
Westmoreland  subbituminous,  and  untreated  Wyodak  subbituminous  coals. 
No  adverse  effects  were  observed  using  subbituminous  feedstocks,  and 
subsequent  inspection  of  the  gasifier  showed  no  signs  of  deposits, 
oils,  or  tars.  A  new  external  cyclone  on  the  gasifier  also  proved  to 
operate  reliably. 

Run  32  utilized  untreated  Glenharold  lignite  as  feedstock.  This 
run  failed  to  achieve  its  objectives  due  to  temperature  excursions  in 
the  gasifier  transition  section.  Because  of  the  difficulty  in  main- 
taining gasifier  bed  level  and  temperature,  steam  flow  was  reduced  and 
boot  recycle  flow  was  increased.  This  was  done  to  limit  the  gasifica- 
tion kinetics  with  the  knowledge  that  the  higher  air  to  steam  ratio 
could  result  in  ash  fusion  around  the  side  flow  distribution  ring. 
Evidence  of  ash  fusion  appeared  approximately  nineteen  hours  after  the 
changes  were  made.  The  run  was  then  discontinued. 

The  results  of  Run  32  were  not  conclusive  in  establishing  the  pro- 
cess tolerance  for  coals  with  moderately  high  sodium  levels  in  the  ash. 
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2   TEST  DATA 

Runs  31  and  32  data  are  presented  graphically  and/or  tabularly  at 
the  end  of  these  run  reports.  These  figures  and  tables  include: 

Page 
Figure  31-1.  External  Gasifier  Cyclone  System  144 

Table  31-1.  Gasifier  Data  for  Run  31 145 

Table  31-2.  Gasifier  Data  for  Run  31  (3  sheets) 146 

Table  31-3.  Gasifier  Data  for  Run  31  (2  sheets) 149 

Table  31-4.   Gasifier  Data  for  Run  32 151 

Table  31-5.   Feedstock  Composites  for  Run  31 152 

Table  31-6.   Feedstock  Composites  for  Run  32 153 

Table  31-7.   Purged  Char  Composites  for  Run  31 154 

Table  31-8.  Purged  Char  Composites  for  Run  32 155 

Table  31-9.  Gasifier  Cyclone  Char  for  Run  31 156 

Table  31-10.  Gasifier  Cyclone  Char  for  Run  32 157 

Table  31-11.  Gasifier  Char  to  Organic  Pond  for  Run  31 158 

Table  31-12.  Gasifier  Char  to  Organic  Pond  for  Run  31 159 

Table  31-13.  Gasifier  Char  to  Organic  Pond  for  Run  31 160 

Table  31-14.  Gasifier  Char  to  Organic  Pond  for  Run  32 161 

Table  31-15.   Feeder  Calibration  Data  for  Run  31 162 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    TABULAR  HISTORY  OF  RUNS  31  AND  32 

3.1.1  Objectives 
Run  31 

(1)  To  calibrate  the  lignite  feeders  at  operating  conditions, 

(2)  To  determine  the  operating  conditions  necessary  to 
run  subbituminous  coals  as  feedstocks. 

(3)  To  obtain  data  on  the  steam-carbon  kinetics  for  sub- 
bituminous  coal . 

Run  32 

To  determine  operating  conditions  and  problems  associ- 
ated with  using  coals  as  feedstocks  which  have  high  sodium 
content. 

3.1.2  Accomplishments 
Run  31 

(1)  Enough  data  was  obtained  to  calibrate  the  lignite  feeder 
at  operating  conditions. 

(2)  Gasification  was  accomplished  with  four  coal  feedstocks: 

Husky  char 

Preoxidized  Westmoreland  Sarpy  Creek  subbituminous 
coal 

Non-preoxidized  Westmoreland  Sarpy  Creek  Coal 

Non-preoxidized  Wyodak  subbituminous  coal 

(3)  The  run  demonstrated  that  preoxidation  was  unnecessary 
and  that  raw  subbituminous  coals  could  be  used  as 
feedstocks. 

Run  32 

(1)     The  gasifier  system  was  operated  for  59  hours  at  process 
temperature  with  Glenharold  lignite  feed. 
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(2)     The  run  demonstrated  that  Glenharold  lignite  might 
be  a  suitable  feedstock. 

3.1.3  Termination  Causes 

Run  51 

All  of  the  objectives  of  this  run  were  accomplished 
and  a  smooth,  orderly  shutdown  was  made. 

Run  32 

A  localized  fused  deposit  was  formed  on  the  gasifier 
side  flow  ring  distributor.  The  deposit  completely  bridged 
the  ring  and  was  approximately  six  inches  thick.  This  was 
the  result  of  raising  the  air  to  steam  ratio  in  order  to  main- 
tain the  gasifier  bed  temperature.  Because  of  the  high  rate 
of  gasification,  it  was  difficult  to  maintain  gasifier  bed 
level  and  gasifier  temperature. 

3.1.4  Mechanical  Problems 

Run  51 

(1)  Second  stage  rings  had  to  be  replaced  and  valves  re- 
paired on  J--202,  process  air  compressor. 

(2)  Grinding  system  had  to  be  shut  down  to  repair  baghouse 
carriage  drive  and  replace  filter  bags. 

(3)  The  plant  boiler  shut  down  three  times  on  low  level  due 
to  a  malfunction  in  the  water  level  control. 

Run  32 

System  was  depressured  to  repair  a  leak  in  the  suction 
line  to  the  gasifier  recycle  compressors,  J-201  A  and  B. 

3.1,5  Process  Problems 

Run  31 

There  was  a  major  buildup  of  hard  scale  in  the  diverging 
section  of  the  venturi  on  the  gasifier  quench  tower.  The  bot- 
tom section  of  the  tower  was  clean. 

Run  32 

(1)     A  coal  ash-derived  deposit  formed  on  the  gasifier  side 
flow  gas  distributor. 
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12/9 

1445 

(1 

1750 

tr 

1820 

(2)     The  gasifier  quench  venturi  developed  a  minor  solids 
buildup  in  the  diverging  section.  The  bottom  part  of 
the  tower  contained  deposit  chunks  up  to  1-1/2  inches 
thick.  The  chunks  were  hard,  black,  and  layered. 
Thus,  the  material  might  have  dropped  off  of  the  tower 
walls. 

3.2    CHRONOLOGY  OF  OPERATIONS 

3.2.1  Run  31 

Date    Time  Description 

System  pressure  testing. 
System  static  pressure  test. 

Completed  static  pressure  test,  leak  rate  =  2,700  SCFH, 
continuing  with  normal  startup. 
2130     Checking  pressure  drops  across  the  process  heaters 
and  gas  distributor  rings. 
Completed  pressure  drop  check. 

Starting  refractory  cure  for  patchwork  repair  done 
in  gasifier  boot. 

Completed  refractory  cure,  bringing  gasifier  to 
operating  temperature. 

Conducting  flow  tests  on  air  to  gasifier  and  gasifier 
vent. 

Cleared  two  restricted  gasifier  side  taps  (FI's  2316 
and  2041) . 

Tested  operation  of  new  gasifier  external  cyclone 
system. 

Recycle  flow  to  gasifier  side  replaced  with  steam. 
Introducing  steam  flow  to  gasifier  boot. 
Char  fed  to  gasifier. 
Air  flow  introduced  to  gasifier  side. 
Gasifier  char  bed  established;  collected  data 
for  heat  material  balance. 

Removing  air  flow  from  gasifier  side  and  lowering  feed 
rate  to  conserve  char  inventory. 
Started  preoxidation  of  Westmoreland  Sarpy  Creek 
subbituminous  coal . 
Completed  preoxidation. 

Air  flow  to  gasifier  side  and  coal  feed  rate  returned 
to  previous  settings. 
12/17   1140     Removing  air  from  gasifier  side  due  to  malfunction 
of  J-202,  process  air  compressor. 
Shut  down  J-202  compressor  for  inspection. 
Air  flow  to  gasifier,  J-202  compressor  repaired. 
Replacing  char  feed  to  gasifier  with  preoxidized 
Westmoreland  subbituminous  feed. 
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M 

2210 

12/10 

0030 

II 

2030 

12/11 

0800 

12/12 

0130 

II 

1700 

II 

2020 

II 

2045 

II 

2100 

12/13 

1045 

II 

1815 

12/15 

1230 

M 

1335 

12/16 

0130 

It 

0220 

M 

1145 

M 

2010 

12/18 

1220 

Date 


Time 


12/19 

1300 

II 

1345 

M 

2045 

II 

2347 

12/22 

0800 

It 

2100 

12/23 

0005 

M 

1330 

12/24 

0550 

12/25 

1500 

12/28   1047 


Description 

Stopped  100  area  coal  grinding  for  repair  work  on 
baghouse  carriage  drive. 

Shut  dovm  100  area  for  maintenance  to  enter  bag- 
house  and  free  carriage  drive.  Also  replaced  one 
carriage  hose. 

Repair  on  baghouse  complete,  restarting  100  area. 
Replacing  preoxidized  Westmoreland  Sarpy  Creek  sub- 
bituminous  feed  with  non-preoxidized  Westmoreland 
Sarpy  Creek  subbituminous  feed. 

Shut  down  100  area  to  inspect  baghouse  bags  due  to 
high  pressure  drop  across  baghouse. 
Repair  of  baghouse  complete.  Replaced  filter  bags 
and  blower  ring  flex  hoses.  Restarting  100  area. 
Replacing  non-preoxidized  Westmoreland  Sarpy  Creek 
subbituminous  with  non-preoxidized  Wyodak  subbituminous 
Momentary  boiler  shutdown  due  to  low  water  level. 
Boiler  shut  down  for  a  few  minutes  due  to  low  water 
level,  minor  system  upset. 

Boiler  shut  down  due  to  malfunction  of  water  level 
control.  Normal  process  flows  regained  20  minutes 
later. 
Completed  gasifier  run,  preparing  system  for  planned 

shutdown . 


3.2.2  Run  32 


1/3 

0130 

II 

0730 

II 

1400 

II 

1550 

II 

2030 

1/4 

0850 

II 

1530 

II 

2330 

II 

2350 

1/5 

0040 

II 

0430 

It 

0450 

It 

0510 

It 

1140 

It 

1200 

11 

1305 

Pressure  testing  gasifier  system. 

Depressuring  gasifier  system  due  to  system  leak  on 

suction  line  to  gasifier  recycle  compressors. 

Repressuring  system,  repair  of  suction  line  complete. 

Static  pressure  test,  leak  rate  =  2,550  SCFH. 

Started  refractory  cure  for  patchwork  repair  done  in 

the  gasifier  boot. 

Conducted  pressure  drop  tests  across  the  process 

heaters  and  gas  distributors. 

Refractory  cure  complete,  bringing  gasifier  to  process 

temperature . 

Steam  introduced  to  gasifier  side. 

Steam  introduced  to  gasifier  boot. 

Char  feed  started  to  gasifier. 

Air  injected  into  gasifier  side. 

Removing  air  from  gasifier  side  due  to  restricted 

gasifier  vent  flow  through  flare  stack. 

Stopped  char  feed  to  gasifier.  Putting  system  on  hold 

for  inspection  of  flare  stack. 

Taking  system  off  hold  and  continuing  with  the  run. 

Steam  fed  to  gasifier  side. 

Steam  fed  to  gasifier  boot. 

Air  injected  into  gasifier  side. 
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D^te    Time  Description 

Shutting  plant  down  due  to  curtailment  of  natural 

gas  supply. 

Depressuring  system. 

Natural  gas  curtailment  lifted.  Repressuring  system 

for  continuation  of  run. 

Static  pressure  test,  leak  rate  =  2,100  SCFH. 

Conducted  pressure  drop  tests  across  the  process 

heaters  and  gas  distributors. 

Steam  introduced  to  gasifier  side. 

Steam  introduced  to  gasifier  boot. 

Char  feed  started  to  gasifier. 

Air  injection  started  to  gasifier  side. 

Started  Glenharold  lignite  feed  to  gasifier. 

Problems  in  100  area  grinding  system.  Putting  system 

on  temporary  hold  to  conserve  feed. 

Took  system  off  hold  and  continued  with  run. 

Replaced  gasifier  transition  thermocouple  TE-2387. 

Replaced  gasifier  transition  thermocouple  TE-2387 

due  to  high  temperature  indication. 

Shut  down  plant  due  to  large  temperature  excursions 

on  TE-2387,  gasifier  transition  thermocouple. 


1/6 

1345 

11 

2210 

1/9 

0945 

II 

1350 

II 

1930 

1/10 

0200 

II 

0625 

II 

1115 

II 

1730 

II 

2205 

1/12 

0120 

II 

0737 

II 

0907 

1/13 

0830 

0905 
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RESULTS  AND  DISCUSSION 


4 . 1    BACKGROUND 

Run  31  was  conducted  primarily  to  demonstrate  gasifier  operation 
with  subbituminous  coal  feedstocks.  The  run  was  basically  conducted  in 
four  parts.  First,  the  gasifier  was  filled  with  Husky  char  and  air  was 
injected  to  reach  operating  temperatures.  Steady-state  conditions  were 
reached  and  data  was  gathered  for  heat  and  material  balance  calculations. 
Parts  two  and  three  were  designed  to  determine  whether  or  not  preoxida- 
tion  of  subbituminous  coals  was  necessary  to  prevent  excessive  particle 
swelling  in  the  gasifier.  Also  studied  was  the  coking  potential  and 
steam-carbon  kinetics  for  subbituminous  coals.  The  operations  consisted 
of  first  feeding  a  5  percent  preoxidized  Montana  (Sarpy  Creek)  coal,  and 
then  feeding  the  raw  Sarpy  Creek  coal.   Balance  periods  were  obtained 
with  both  feedstocks.  The  fourth  part  was  the  study  of  a  raw  Wyoming 
(Wyodak)  subbituminous  coal  as  feedstock. 

Run  31  demonstrated  that  preoxidation  of  subbituminous  coals  was 
probably  unnecessary  and  that  raw  coal  could  be  used  as  gasifier  feed- 
stocks. There  was  no  evidence  of  particle  swelling  or  coking  of  the  raw 
coals.  Also,  no  tars  or  oils  were  found  in  the  product  gas.  Subsequent 
inspection  of  the  gasifier  revealed  no  deposits. 

Run  32  was  designed  to  uncover  any  special  problems  that  could 
arise  from  gasifying  coals  with  high  ash  sodium  contents.  Untreated 
Glenharold  lignite  was  the  feedstock  for  this  run.  Air  was  injected 
into  the  gasifier  to  supply  heat  for  the  gasification  reactions.   Be- 
cause of  the  apparent  high  rate  of  gasification,  it  was  difficult  to 
maintain  gasifier  bed  level  and  gasifier  temperature.  To  inhibit  the 
kinetics  and  raise  the  bed  temperature,  the  side  flow  steam  rate  was 
reduced  and  the  boot  recycle  gas  rate  was  increased.  The  reduction  of 
the  steam  flow  presented  some  risk  of  causing  ash  slagging  conditions 
near  the  gasifier  side  flow  gas  distributor.  This  had  been  shown  by  the 
results  of  Run  15  when  the  gasifier  was  operated  in  a  similar  manner. 
Approximately  nineteen  hours  after  the  changes  were  made,  a  temperature 
of  1960°F  occurred  in  the  gasifier  transition  section.  This  indicated 
that  a  deposit  had  formed  and  the  run  was  terminated. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

Run  31  fulfilled  all  intended  objectives  and  was  terminated  with 
a  smooth,  orderly  shutdown. 


Because  of  a  premature  shutdown.  Run  32  was  not  fully  success- 
ful. However,  due  to  the  lack  of  any  deposits  other  than  the  transi- 
tion section  deposit,  the  results  indicate  that  the  process  is  tolerant 
of  coal  feedstocks  which  contain  moderately  high  sodium  levels  in  the 
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4.2.2  Plant  Data 

Tables  31-1  through  31-14  summarize  the  plant  data  for  both  runs. 
The  operating  conditions  are  shown  in  Tables  31-1  through  31-4   Feed- 
stock analyses  are  shown  in  Tables  31-5  and  31-6.  Effluent  materials 
are  shown  in  Tables  31-7  through  31-14. 

4.2.3  External  Gasifier  Cyclone  (Figure  31-1) 

Prior  to  Run  31  an  external  gasifier  cyclone  was  installed  in 
series  with  the  internal  cyclone.  Operation  was  basically  trouble  free 
for  both  runs.  The  solids  loading  in  the  gasifier  quench  tower  was  also 
substantially  reduced. 

4.2.4  Lignite  Feeder  Calibration  (L-207  A  and  B) 

One  of  the  objectives  of  Run  31  was  to  try  to  obtain  an  accurate 
measurement  of  the  coal  feed  rate.   It  is  desirable  to  have  a  general 
equation  applicable  to  any  gasifier  feedstock. 

The  feeder  calibration  was  run  as  the  first  part  of  Run  31 
The  test  lasted  six  days.  The  feeders  were  run  at  operating  condi- 
tions for  the  duration  of  the  test.  Husky  char  was  used  as  the  feed- 
stock and  measurements  were  made  at  various  RPM's.  All  RPM  readings 
were  taken  from  the  instruments  on  the  control  board.  The  elapsed  time 
for  each  lockhopper  was  taken  as  the  time  between  alarms.  Each  lock- 
hopper  was  switched  when  the  low  level  alarm  sounded. 

Each  tote  bin  represents  one  data  point.  Sixty-one  points  were 
Tm^^'ddm;  ^°"!:,^^^^  rejected  as  extraneous  and  eleven  points  had  vari- 
able RPM  s   The  mean  feed  rate  was  419  (LB/HR-RPM)  with  a  mean  devi- 
ation of  21  (LB/HR-RPM)  and  a  standard  deviation  of  27  (LB/HR-RPM) 
By  using  lab  data  for  the  bulk  density  of  Husky  char,  the  general 
equation  is:  y  >  &         a.j. 

Feed  (LB/HR)  =  9.81  X  RPM  X  Bulk  Density 

This  equation  is  accurate  with  ±5  percent  over  the  total  RPM  range 
The  data  is  listed  in  Table  31-15. 
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Figure  31-1.  EXTERNAL  GASIFIER  CYCLONE  SYSTEM 
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Screen  Size,  Wt  7o 

Glenharold 

Lignite 

Tyler  Mesh 

+6 

6X8 

0.1 

0.5 

8  X  10 

0.3 

2.0 

10  X  14 

13.1 

11.9 

14  X  20 

15.5 

14.5 

20  X  28 

15.9 

16.0 

28  X  35 

16.0 

16.0 

35  X  48 

14.0 

15.6 

48  X  65 

15.3 

11.4 

65  X  100 

7.7 

8.9 

100  X  200 

1.7 

2.6 

-200 

1.4 

0.6 

Ultimate  Analysis,  Wt  7o 

Moisture 

0.45 

0.75 

C 

66.1 

65.74 

H 

4.27 

4.05 

S 

0.7 

0.75 

Ash  +  SO3 

5.46 

6.69 

Elemental  Analysis,  Wt  % 

Si02 

28.4 

28.15 

SO3 

14.69 

17.09 

Na20 
CaO 

6.01 

6.51 

25.48 

25.57 

MgO 

4.93 

6.16 

K2O 

0.81 

0.62 

^^2^3 

.06 

0.04 
9.66 

Ti02 

5.93 
0.35 

Table  31-6.  FEEDSTOCK  COMPOSITES  FOR  RUN  32 
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Date 


1/11 


1/12 


Screen  Size,  Wt  1. 

Glenharolc 

\   Lignite 

Tyler  Mesh 

+8 

0.2 

0.7 

8  X  10 

0.5 

3.0 

10  X  14 

7.4 

11.4 

14  X  20 

16.9 

16.0 

20  X  28 

21.9 

19.7 

28  X  35 

18.0 

19.8 

35  X  48 

15.0 

16.5 

48  X  65 

11.4 

7.6 

65  X  100 

6.4 

4.1 

100  X  200 

2.0 

0.5 

-200 

0,2 

0.3 

Ultimate  Analysis,  Wt  % 

Moisture 

0 

0 

C 

50.7 

66.1 

H 

0.6 

0.8 

S 

0.9 

0.51 

Ash  +  SO 

49.93 

27.18 

Elemental  Analysis,  Wt  "U 

Si02 

43.15 

44.96 

SO3 

3.18 

4.93 

Na20 
CaO 

9.29 

7.49 

23.54 

21.62 

MgO 

2.10 

4.34 

K2O 

0.79 

0.62 

AI2O3 

0.04 

0.03 

10.39 

8.65 

Fe,03 
Ti02 

7.40 

7.20 

0.16 

0.27 

Table  31-8.  PURGED  CHAR  COMPOSITES  FOR  RUN  32 
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Date  1/11  1/12 


Screen  Size,  Wt  "L 

Tyler  Mesh 

+20 

0.1 

20  X  28 

0.1 

28  X  35 

0.1 

35  X  48 

0.3 

0.9 

48  X  65 

3.5 

5.6 

65  X  100 

17.1 

24.3 

100  X  200 

20.8 

34.6 

-200 

58.4 

34.5 

Ultimate  Analysis,  Wt  7o 

Moisture 

0.1 

1.6 

C 

64.76 

69.92 

H 

1.19 

0.63 

S 

0.3 

0.41 

Ash  +  SO^ 

28.93 

22.33 

Elemental  Analysis,  Wt  Z 

Si02 

26.69 

20.44 

SO3 

3.39 

5.14 

Na20 

6.99 

9.65 

CaO 

34.05 

36.32 

MgO 

7.16 

6.84 

K2O 

0.46 

0.51 

P,03 
AI2O3 

0.06 

0.05 

12.88 

12.64 

Fe^O^ 

6.97 

7.62 

Ti02 

0.50 

0.51 

Table  31-10.  GASIFIER  CYCLONE  CHAR  FOR  RUN  32 
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Elapsed  Time, 

Net  Weight, 

No. 

Date 
12/12 

Time 
2100 

RPM 
3.0 

(Hrs) 

(lbs) 

Ib/hr  -  RPM 

1 

1.87 

2400 

429 

2 

12/13 

1140 

3.0 

1.78 

2305 

432 

3 

II 

1327 

3.0 

1.37 

1850 

451 

4 

II 

1449 

3.0 

1.58 

1990 

419 

5 

11 

1624 

3.0 

1.55 

2085 

448 

6 

H 

1757 

3.0 

1.72 

2145 

416 

7 

II 

1940 

3.0 

1.75 

2060 

393 

8 

II 

2125 

3.0 

1.75 

2310 

440 

9 

II 

2310 

3.0 

2.20 

2320 

352 

10 

12/14 

0237 

3.0 

1.78 

2280 

427 

11 

II 

0433 

3.0 

1.65 

2180 

440 

12 

II 

0612 

3.0 

1.77 

2220 

419 

13 

II 

0258 

3.0 

1.92 

2220 

386 

14 

II 

0958 

3.0 

1.62 

2240 

462 

15 

II 

1130 

3.0 

1.92 

2130 

370 

16 

II 

1325 

3.0 

1.58 

2230 

469 

17 

II 

1500 

3.0 

1.67 

2240 

447 

18 

II 

1640 

3.0 

1.40 

1940 

463 

19 

»i 

1804 

3.0 

2.10 

2305 

367 

20 

M 

2010 

3.0 

1.80 

2310 

429 

21 

II 

2158 

3.0 

1.92 

2350 

408 

22 

II 

2358 

3.0 

1.62 

2000 

411 

23 

12/15 

0130 

3.0 

1.90 

2310 

405 

24 

11 

0324 

3.0 

1.82 

2190 

401 

25 

II 

0648 

3.0 

1.78 

2140 

401 

26 

12/16 

0438 

6.0 

0.85 

2050 

402 

27 

II 

0529 

5.0 

1.02 

2100 

413 

28 

II 

0737 

6.0 

0.90 

2200 

407 

29 

II 

0831 

6.0 

0.81 

2245 

460 

30 

II 

0920 

6.0 

0.95 

2375 

415 

31 

II 

1017 

6.0 

0.92 

2200 

400 

34 

M 

2330 

2.5 

2.23 

2340 

419 

35 

12/17 

0144 

2.5 

2.02 

2100 

416 

36 

II 

0345 

2.5 

2.17 

2225 

411 

37 

II 

0950 

3.0 

1.84 

2300 

417 

38 

II 

1220 

2.0 

2.58 

2085 

404 

39 

II 

1455 

2.0 

2.25 

2090 

463 

40 

II 

1710 

2.2 

2.33 

2010 

392 

41 

II 

1930 

2.2 

2.33 

2210 

431 

42 

12/18 

0031 

2.2 

2.02 

1980 

446 

43 

II 

0231 

2.2 

2.23 

2085 

414 

44 

If 

0445 

2.2 

2.38 

2215 

422 

45 

M 

0708 

2.0 

2.60 

2150 

413 

46 

If 

0944 

2.3 

2.60 

2280 

381 

Table  31-15.  FEEDER  CALIBRATION  DATA  FOR  RUN  31 
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RUN  33A  JANUARY  23  TO  JANUARY  31,  1976 
RUN  33B  FEBRUARY  5  TO  FEBRUARY  23,  1976 


CO^  ACCEPTOR  PROCESS  GASIFICATION 
PILOT  PLANT 
RAPID  CITY,  SOUTH  DAKOTA 
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1  SUMMARY 


Run  33B  proved  technical  feasibility  of  the  CO  Acceptor  Process 
using  Velva  lignite  and  limestone  acceptor.  The  run  had  over  seven 
days  of  steady-state  operations  which  yielded  data  for  heat  and  material 
balances.  No  uncontrollable  changes  in  plant  performance  were  dis- 
covered. The  gasifier  bed  density  did  increase  at  one  point  but  was 
easily  brought  back  down  by  changing  the  auxiliary  char  fuel  rate.  No 
deposits  which  would  have  affected  operability  were  found  after  the  shut- 
down. A  day  before  the  shutdown  was  scheduled,  a  piece  of  refractory 
lodged  in  the  calcined  acceptor  line.  The  early  shutdown  was  orderly 
and  followed  the  same  procedure  as  a  voluntary  shutdown.  No  major  proc- 
ess or  mechanical  problems  were  encountered  during  this  run. 
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2   TEST  DATA 

Runs  33A  and  33B  data  are  presented  graphically  and/or  tabular ly 
at  the  end  of  this  run  report.  These  figures  and  tables  include: 

Page 
Figure  33-1.  Gas  Flow  Rates  for  Run  33B 179 

Figure  33-2.  Gasifier  Raw  Gas  Compositions  for  Run  33B 180 

Figure  33-3.  Regenerator  Flue  Gas  Compositions  for  Run  333 181 

Figure  33-4.  Fluid  Bed  Inventories  and  Acceptor  Activity  for 182 

Run  33B 

Figure  33-5.   Lignite  and  Auxiliary  Char  Flow  Rates  and  Their 183 

Effect  on  Gasifier  Bed  Level  and  Bed  Density  for 
Run  33B 

Figure  33-6.  Differential  Pressure  Transmitter  Location  184 

Pressure  Balance  Calculation 

Figure  33-7.  Acceptor  Withdrawal  System  185 

Figure  33-8.  System  Junk  Inventory  (2  sheets)  186 

Figure  33-9.  Ceramic  Transition  Piece  for  Line  CD-208  188 

Figure  33-10.  Methanator  Schematic  Flow  Diagram  189 

Table  33-1.  Pressure  Balance  Tests  for  Run  33B  (4  sheets) 190 

Table  33-2.   Char  Standleg  Pressure  Drop  Factors  for  Run  33B 194 

Table  33-3.  Gasifier  Data  for  Run  33A 195 

Table  33-4.  Regenerator  Data  for  Run  33A 196 

Table  33-5.  Feedstock  Composites  for  Run  33A 197 

Table  33-6.  Circulating  Acceptor  for  Run  33A 198 

Table  33-7.  Reject  Acceptor  Withdrawal  for  Run  33A 199 

Table  33-8.  Gasifier  Char  Bed  Material  for  Run  33A 200 

Table  33-9.  Gasifier  Quench  Tower  Solids  Composites  for  Run  33A  201 

Table  33-10.  Ash  and  Attrited  Acceptor  Composites  for  Run  33A 202 

Table  33-11.   Gasifier  Data  for  Run  33B  (3  sheets) 203 

Table  33-12.  Regenerator  Data  for  Run  33B  (3  sheets) 206 

Table  33-13.   Feedstock  Composites  for  Run  33B 209 

Table  33-14.   Circulating  Acceptor  Calcined  Acceptor  to 210 
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Page 

Table  33-15.  Circulating  Acceptor  Recarbonated  Acceptor 214 

From  Gasifier  for  Run  33B  (4  sheets) 

Table  33-16.  Reject  Acceptor  Withdrawal  for  Run  33B  (4  sheets)  218 

Table  33-17.  Gasifier  Char  Bed  Material  for  Run  33B  (6  sheets) 222 

Table  33-18.  Gasifier  Char  to  External  Cyclone  for  Run  33B 228 

(3  sheets) 

Table  33-19.  Gasifier  Quench  Tower  Solids  Composites  for  Run  33B  231 

Table  33-20.  Ash  and  Attrited  Acceptor  for  Run  33B  (2  sheets) 232 

Table  33-21.  Packed  Tube  Methanator  Temperature  Profiles  for  Run  33B  .  .  .  .  234 

Table  33-22.  Methanation  Section  Process  Data  for  Run  33B  (3  sheets)  ....  235 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

RUN  33A 

3.1    TABULAR  SUMMARY 

3.1.1  Objectives 

The  objectives  of  Run  33A  were: 

(1)  To  prove  the  technical  feasibility  of  the  process  using  Velva 
lignite. 

(2)  To  operate  the  methanation  unit  for  the  production  of  synthetic 
natural  gas. 

3.1.2  Accomplishments 

The  system  was  at  process  temperatures  for  67  hours  of  which 
10  hours  were  without  air  flow  to  the  gasifier.  This  performance  did 
not  accomplish  any  of  the  stated  objectives. 

3.1.3  Cause  of  Run  Termination 

A  deposit  formed  in  the  gasifier  boot  when  steam  flow  to  the  boot 
cooled  to  the  point  that  Ca(OH)   formed.  The  boot  heater  had  shut  down 
and  attempts  to  relight  it  had  been  unsuccessful  for  15  minutes.  Ad- 
justments to  change  back  to  gasifier  recycle  gas  to  the  boot  were  not 
made  soon  enough. 

3.1.4  Major  Modifications  Made  Prior  to  Run  33A 

(1)  A  new  reject  acceptor  withdrawal  system  was  installed  off  of 
the  regenerator.  This  system  replaced  the  existing  reject  ac- 
ceptor withdrawal  from  the  gasifier  boot  and  the  char  removal 
system  which  removed  intermediate  fines  from  the  vessels. 

(2)  Ceramic  cone  inserts  were  installed  in  the  expansion  slip  joints 
of  the  acceptor  lift  line. 

(3)  The  sloped  section  of  the  char  transfer  standleg  was  increased 
from  three  inches  to  four  inches  in  diameter. 

(4)  The  cracked  cast  iron  base  of  the  roller  mill  in  the  coal 
grinding  system  was  replaced  with  a  new  cast  steel  base. 
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3.1.5  Mechanical  Problems 

The  boot  heater  shut  down  which  caused  the  boot  deposit  was  the 
only  mechanical  problem. 

3.1.6  Process  Problems 

No  process  problems  were  detected  during  the  short  period  of 
this  run. 

3.2    RUN  HISTORY 

System  pressure  testing  started  at  1535  hours  Friday  afternoon 
on  January  23,  1976.  During  the  leak  test,  a  leak  at  a  thermocouple 
on  the  acceptor  lift  line  required  repairs.  The  system  was  success- 
fully pressured  up  by  0400  hours  Saturday  morning.  The  refractory 
cure  for  patches  around  the  char  transfer  line  in  the  gasifier  started 
later  that  afternoon. 

Pressure  drop  checks  were  conducted  on  the  process  heaters  and 
gas  distributors.  The  refractory  cure  was  completed  at  1500  hours 
Sunday  and  dead-burned  dolomite  was  fed  to  the  gasifier  boot  at  2111 
hours.  The  solids  circulation,  lift  line  flow  tests,  and  tests  to 
calibrate  the  solids  rate  to  the  new  reject  acceptor  withdrawal  system 
were  completed  Monday  afternoon  and  evening.  Char  was  added  to  the 
system  at  2045  hours  Monday  evening.  Air  was  added  to  the  gasifier 
side  flow  and  steam  to  the  boot.   By  0900  hours  Tuesday  char  combus- 
tion in  the  regenerator  was  started.  The  regenerator  reached  1800  F 
by  1040  hours.   Later  that  evening  at  1850  hours  Velva  lignite  was  fed 
to  the  gasifier. 

The  next  day,  Wednesday,  January  28,  fresh  limestone  acceptor 
makeup  was  started  to  the  regenerator  at  1800  hours.   By  1900  hours 
Thursday  all  the  air  had  been  removed  from  the  gasifier  side  flow. 
At  0500  hours  the  next  day  the  gasifier  boot  heater  shut  down  for 
some  unknown  reason.  Within  15  minutes  after  the  heater  shut  down,  an 
upset  occurred  in  the  gasifier  boot.  The  system  was  shut  down  later 
that  morning,  January  30. 


RUN  33B 

3.3    TABULAR  SUMMARY 

3.3.1  Objectives 

The  objectives  of  Run  338  were  the  same  as  for  Run  33A: 
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(1)  To  prove  the  technical  feasibility  of  the  process  using  Velva 
lignite. 

(2)  To  operate  the  methanation  unit  for  the  production  of  synthetic 
natural  gas. 

3.3.2  Accomplishments 

This  run  accomplished  all  of  its  obiectives.   The  run  met  all  the 
maior  requirements  for  proving  technical  feasibility  of  the  process.   In 
spite  of  the  fact  that  the  run  ended  about  a  day  before  its  scheduled 
shutdown,  the  shutdown  proceeded  in  an  orderly  fashion  and  no  significant 
deposits  were  found  in  the  system.  The  run  consisted  of  over  seven 
days  of  steady-state  operation  during  which  the  plant  with  the  methana- 
tion unit  in  service  produced  synthetic  natural  gas  (over  900  BTU/SCF) . 

3.3.3  Cause  of  Run  Termination 

The  run  terminated  when  a  piece  of  refractory  lodged  in  the  cal- 
cined acceptor  flow  rate  butterfly  control  valve.  The  refractory  came 
from  around  the  inlet  of  the  line  above  the  valve.  The  first  foot  or 
so  of  this  line  fell  off  into  the  regenerator  and  dislodged  the  re- 
fractory. Normally  large  chunks  of  any  extraneous  material  cannot  enter 
this  line  because  of  a  grid  over  the  inlet  of  the  line. 

3.3.4  Major  Modifications  Made  Prior  to  Run  33B 

The  only  modifications  were  minor  instrument  changes  and  a  nozzle 
change  on  the  reject  acceptor  hopper. 

3.3.5  Mechanical  Problems 

The  major  mechanical  problem  during  the  run  was  caused  by 
leaking  valves  below  the  lignite  lockhoppers.  This  leak  caused  the  loss 
of  lignite  feed  a  few  times  on  February  21.  As  these  leaking  valves 
were  being  augmented  by  the  addition  of  two  new  valves  in  the  line,  a 
major  upset  occurred  which  resulted  in  the  loss  of  the  char  transfer. 
While  the  plant  was  recovering  from  this  upset,  the  calcined  acceptor 
line  failed  terminating  the  run. 

3.3.6  Process  Problems 

There  continued  to  be  some  plugging  in  the  gasifier  quench 
tower  venturi.  The  plugging  was  most  noticeable  while  air  was  being 
used  in  the  gasifier.  A  study  of  the  required  concentration  of  water 
treatment  additive  used  to  minimize  venturi  deposits  also  led  to  a 
period  where  the  pressure  drop  increased. 
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3.4    RUN  HISTORY 

System  pressure  testing  was  initiated  at  1830  hours  Thursday 
evening,  February  5.  Thawing  of  valves  and  lines  was  necessary  due 
to  the  freezing  weather.   It  was  necessary  to  depressure  the  system 
for  2-1/2  hours  Friday  morning,  February  6,  to  rotate  the  gasifier  ven- 
turi  piping.  The  rotation  was  necessary  to  allow  proper  rod-out  move- 
ment. 

A  13-hour  refractory  cure  was  started  Friday  night.  The  cure 
was  needed  for  minor  boot  patchwork  repair.  During  the  cure  the  pressure  drops 
across  the  process  heaters  and  gas  distributors  were  checked.  All  were 
normal. 

The  refractory  cure  was  completed  Saturday  morning,  February  7, 
and  system  heatup  continued.   Dead-burned  dolomite  was  fed  to 
the  system  at  1920  hours  Saturday  evening.   Some  delay  in  feeding  was 
caused  by  a  bad  valve  and  line  plugs  in  the  feed  line.  A  regenerator 
bed  of  dead-burned  dolomite  was  established  Sunday  evening,  February  8, 
followed  by  solids  circulation  and  lift  line  flow  tests  at  1955  hours. 
Char  feed  was  started  to  the  gasifier  at  2345  hours  Sunday  night.  A 
char/dolomite  interface  was  set  while  circulating  dolomite  at  a  low 
rate. 

Air  flow  was  admitted  to  the  gasifier  early  Monday  morning, 
February  9,  followed  by  steam  to  the  boot  at  0550  hours.  The  gasifier 
char  bed  was  established  at  1215  hours  Monday  followed  by  auxiliary 
char  feed  and  char  transfer  (from  gasifier)  to  the  regenerator.  The 
regenerator  temperature  reached  1800° F  at  1415  hours  Monday  afternoon. 
Char  transfer  was  lost  for  2-1/2  hours  at  1540  hours  for  no  apparent 
reason.  Transfer  was  regained  by  char  line  purge  adjustments  and 
blowing  into  the  char  line.  After  the  system  was  stabilized,  char 
feed  to  the  gasifier  was  replaced  with  lignite  feed  at  2257  hours 
Monday  night. 

Fresh  acceptor  makeup  (6X9  mesh  Minnekahta  limestone)  replaced 
dead-burned  dolomite  makeup  at  0725  hours  Tuesday  morning,  February  10. 
A  small  flow  of  carbon  dioxide  (about  900  SCFH)  was  admitted  to  the  gasi- 
fier boot  Tuesday  afternoon.  This  was  done  to  prevent  any  acceptor 
from  calcining  in  the  boot.  Tuesday  night  a  slip  stream  of  gasifier 
synthesis  gas  was  admitted  to  the  CO2  adsorber  section  of  the  methana- 
tion  unit. 

At  0300  hours  Wednesday  morning,  February  11,  step  flow  changes 
were  initiated  for  removal  of  gasifier  air  and  for  steam  adjustments. 

By  0050  hours  Thursday  morning,  February  12,  all  the  air  had 
been  removed  from  the  gasifier.  Gasification  heat  was  then  supplied 
by  acceptor  circulation.  At  1215  hours  Thursday,  all  the  recycle 
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gas  flow  was  removed  from  the  gasifier.  Thursday  afternoon  gasifier 
synthesis  gas  was  admitted  to  the  desulfurization  section  of  the 
methanation  unit,  followed  by  synthesis  gas  to  the  methanation  section 
Thursday  night. 

Friday  morning,  February  13,  all  the  regenerator  side  tap 
thermocouples  were  routinely  replaced. 

Char  transfer  from  the  gasifier  to  the  regenerator  was  lost  for 
45  minutes  Friday  afternoon  when  a  side  flow  upset  occurred  because  of 
repairs  which  were  being  made  on  a  flow  controller.  No  problems  were 
encountered  regaining  transfer.  Gasification  continued  smoothly 
Saturday  and  Sunday,  February  14  and  15.  Sunday  a  slip  stream  of  re- 
generator flue  gas  was  started  through  the  Elliott  test  stand.  Gasi- 
fication continued  smoothly  during  the  week.  Wednesday,  February  18, 
all  the  regenerator  side  tap  thermocouples  were  again  routinely  replaced, 

Char  transfer  was  lost  for  15  minutes  at  1600  hours  Friday, 
February  20.  Loss  of  transfer  was  caused  by  a  system  pressure  swing 
which  resulted  from  a  temporary  loss  of  lignite  feed.  Steady-state 
conditions  were  reestablished  three  hours  later. 

Saturday  afternoon,  February  21,  another  system  pressure  swing 
occurred  at  1700  hours.   Lignite  feed  was  lost  due  to  failure  of  the 
automatic  valve  below  F-204B,  lignite  lockhopper.  Process  gas  leakage 
through  the  valve  caused  a  loss  of  lignite  feed  from  the  other  lock- 
hopper,  F-204A.   Isolation  of  the  valve  was  not  possible  since  the 
manual  ball  valve  below  the  automatic  valve  would  not  seal.  Another 
manual  ball  valve  was  added  above  the  automatic  valve. 

Char  transfer  and  then  acceptor  circulation  were  lost  when  the 
ball  valve  was  added.  The  gasifier  interface  was  purposely  blown 
with  recycle  gas  to  prevent  any  solids  agglomeration  in  the  gasifier 
boot.  The  gasifier  interface  was  reestablished  by  adjusting  the  boot 
flow  and  spent  acceptor  transfer  was  restarted.  Calcined  acceptor 
transfer  from  the  regenerator  to  the  gasifier  was  regained  at  2000 
hours  Saturday  night  and  the  run  continued.  Char  feed  to  reestablish 
the  gasifier  char  bed  was  started  to  the  gasifier  early  Sunday  morning, 
February  22.   Problems  were  encountered  reestablishir^  char  transfer. 
Also,  normal  regenerated  acceptor  transfer  could  not  he   maintained 
during  this  period. 

A  decision  to  shut  down  the  plant  was  made  at  1330  hours  after 
efforts  to  regain  regenerated  acceptor  transfer  were  unsuccessful. 
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RESULTS  AND  DISCUSSION 


4.1  PLANT  OPERATIONS 

During  Run  33B,  all  of  the  operating  and  process  requirements  for 
technical  feasibility  were  proved.  A  number  of  the  process  operating 
variables  were  graphically  displayed  to  show  the  smoothness  of  the  plant 
operation.   Figure  33-1  shows  the  major  gas  flow  rates.  Figures  33-2 
and  33-3  show  the  overhead  gas  compositions  for  the  gasifier  and  regen- 
erator. Figure  33-4  shows  the  acceptor  activity  and  reactor  inventories. 
These  figures  show  very  clearly  that  the  plant  lined  out  on  February  14 
and  remained  lined  out  until  immediately  preceding  the  shutdown.  These 
eight  days  represent  the  best  period  of  plant  operation  achieved  to 
date.  Much  of  the  success  for  the  run  must  be  attributed  to  the  success- 
ful operation  of  the  new  acceptor  removal  system,  the  new  acceptor  lift 
line  cones,  and  the  auxiliary  char  fuel  system.  The  new  acceptor  re- 
moval system  controlled  the  junk  inventories  and  did  not  cause  any 
system  upsets.  The  auxiliary  char  fuel  system  provided  the  means  for  a 
smooth,  quick  startup  and  allowed  one  to  control  the  gasifer  bed  level 
and  density  within  certain  limits  while  maintaining  a  constant  lignite 
feed  rate.  Figure  33-5  shows  the  effect  a  small  change  in  auxiliary 
fuel  rate  had  upon  the  gasifier  bed  density  and  level.  This  use  of  the 
auxiliary  char  feed  controlled  what  could  have  been  a  degenerate  in- 
crease of  bed  density. 

The  quench  system  performed  well  as  did  the  coal  grinding  systems. 
No  section  of  the  plant  had  a  mechanical  malfunction  until  the  shutdown. 
While  the  shutdown  was  not  entirely  voluntary,  it  was  smooth  and  orderly 
and  it  proceeded  in  the  manner  of  a  voluntary  shutdown. 

The  hours  of  operations  at  various  conditions  also  reflect  the 
success  of  the  run: 

Hours  of  gasification  without  air  flow  to  the 

gasifier  =  249 

Hours  of  gasification  without  recycle  flow  to 

gasifier  =  221 

Hours  of  methanation  of  gasifier  synthesis  gas    =  211 

Hours  of  system  pressure  =  416 

Hours  at  process  temperatures  =  291 

Hours  with  lignite  feed  =  282 

Hours  with  active  6X9  limestone  feed  =  271 

Hours  of  acceptor  circulation  =  332 

4.2  SYSTEM  PRESSURE  BALANCE  AND  CHAR  TRANSFER 

The  success  of  Run  333  reflects  that  there  were  few,  if  any, 
problems  with  the  system  pressure  balance  and  fuel  char  transfer. 
Char  transfer  only  became  a  problem  when  drastic  system  pressure  swings 


172 


occurred.  This  happened  once  early  in  the  run  and  twice  towards  the  end 
of  the  run  when  there  was  a  problem  maintaining  continuous  feed 
from  the  lignite  lockhoppers.  None  of  these  upsets  caused  an  extended 
loss  of  char  feed. 

Pressure  balance  data  were  collected  at  various  times  during  the 
startup  and  throughout  the  run.  The  data  and  resulting  calculated  pres- 
sures for  the  system  are  presented  in  Table  33-1  and  Figure  33-6.  These 
data  reflect  stable  operation  at  various  densities  for  both  the  gasifier 
and  regenerator  beds  and  gasifier  bed  heights.  These  data  demonstrated 
the  control  of  the  system  pressure  balance  during  many  modes  of  operation, 

The  report  on  Run  26  included  a  detailed  discussion  of  the  ef- 
fects of  pressure  balance  on  the  performance  of  the  char  transfer  stand- 
leg.   In  that  report  a  dimensionless  group  or  pressure  drop  factor  for  a 
given  section  of  a  standleg  was  defined  as: 

AP/  PL 
Where:    AP  =  pressure  drop  across  the  line 

P  =  measured  density  of  the  material  in  the  line 
L  =  length  of  the  line 

Since  the  density  of  the  material  in  the  line  itself  was  not  measured, 
the  density  of  the  gasifier  char  bed  was  used.  As  the  pressure  drop 
factor  approached  1.0,  the  material  in  the  line  tends  to  become  fluid- 
ized  and  restricts  flow.  This  factor,  therefore,  represents  the  sta- 
bility of  the  char  standleg. 

An  extensive  study  of  the  breakdown  of  the  pressure  drop  between 
the  sloped  and  vertical  section  of  the  char  standleg  was  made  using  the 
calculated  pressure  drop  factor  for  Run  33.  A  similar  study  was  done 
tor  Run  26.  For  Run  33  the  char  removal  system  was  not  used,  and  the 
sloped  section  of  the  standleg  had  been  enlarged  from  three  to  four 
inches  m  diameter.  An  extensive  study  was  necessary  to  evaluate  these 
changes. 

The  pressure  drop  factors  recorded  in  Table  33-2  show  a  remark- 
able uniformity  not  only  during  the  course  of  the  run  but  also  between 
the  sloped  and  vertical  sections  of  the  line.  Overall,  the  sloped 
section  had  a  slightly  lower  pressure  drop  factor  than  the  vertical 

fffT*.  "^^^^  ^^u"^^   5°  ''^''^^^  ^^^   "^^^  f°^  ^  l^^ger  line  size  for  the 
sloped  standleg  than  for  the  vertical  standleg.  The  data  cannot  be 
conclusive  as  the  system  was  never  pushed  to  the  limit  to  verify  whether 
the  sloped  and  vertical  standlegs  would  fail  at  different  pressure  drop 

verv°H- '  ^^'^  t^""^   ^^""J  "°^  ^^^"  obtained  since  acquisition  would  be 
very  disruptive  to  an  otherwise  good  run. 
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4.3  REJECT  ACCEPTOR  WITHDRAWAL  SYSTEMS 

A  new  system  to  withdraw  the  reject  acceptor  from  the  regenerator 
(F-228,  see  Figure  33-7)  was  installed  prior  to  Run  33.  The  existing 
system  (F-213)  withdrew  acceptor  from  the  gasifier  boot.  The  operation 
of  F-213  caused  numerous  upsets  and  the  termination  of  many  runs.  The 
pressure  swings  when  F-213  was  taken  out  of  service  for  dumping  or  re- 
turned to  service  disturbed  the  flow  patterns  in  the  gasifier  boot.. 
Also,  by  removing  the  reject  acceptor  from  the  regenerator,  enough  of 
the  intermediate  fines  material  is  also  withdrawn  to  eliminate  the  need 
for  the  char  withdrawal  system.   Figure  33-8  shows  the  intermediate  fines 
inventory  during  Run  33B.  This  figure  shows  that  the  junk*  level  was 
kept  well  under  control  with  just  the  use  of  the  new  reject  acceptor 
system.  This  material  does  not  shower  through  the  char  bed  and  does  not 
collect  in  the  gasifier  boot  to  be  withdrawn  there.  The  intermediate 
fines  collect  in  the  char  bed  and  are  transferred  to  the  regenerator 
with  the  fuel  char.  By  eliminating  the  use  of  the  char  withdrawal  system, 
the  major  cause  of  plant  upsets  was  eliminated.   Losses  of  char  transfer 
resulting  from  the  operation  of  the  char  withdrawal  system  never  termi- 
nated a  run,  but  these  losses  were  very  disruptive  to  steady-state  opera- 
tion. Two  major  sources  of  process  upsets  were  eliminated  by  removing 
the  reject  acceptor  from  the  regenerator  instead  of  the  gasifier  boot. 

4.4  ACCEPTOR  LIFT  LINE 

Run  33  was  the  first  run  using  the  new  ceramic  cone  design  in  the 
transition  of  the  inner  liner  slip  joints  in  the  acceptor  lift  line.  The 
ceramic  liners  held  up  quite  well  showing  no  wear  by  visual  inspection. 
Further  inspection  of  the  one  liner  which  was  checked  was  not  possible 
as  it  was  dropped  and  broken  shortly  after  being  removed.  This  liner  had 
seen  420  hours  of  operation.  The  design  of  these  cones  is  shown  in 
Figure  33-9.  This  design  incorporates  a  smooth  transition  from  the  fe- 
male part  of  the  slip  joint  back  to  the  original  pipe  size.  Also,  the  en- 
tire transition  is  lined  with  Coors'  AD  85  ceramic.  The  jacket  which 
holds  the  ceramic  is  machined  from  310  SST.  The  tolerances  on  the  jacket 
are  very  tight  to  prevent  movement  of  the  ceramic.  Also,  an  insulating 
layer  of  FIBERFRAX  paper  keeps  the  metal  jacket  cooler  than  the  ceramic 
so  that  at  temperature  the  ceramic  is  still  held  tightly.  The  ceramic 
will  take  a  great  deal  of  compression  forces  but  is  very  susceptible  to 
tensile  fracturing.  The  new  ceramic  transition  pieces  worked  quite 
well.  A  weld  on  the  metal  jacket  had  failed  during  the  shutdown  but  was 
easily  repaired  after  the  ceramic  was  replaced. 

4.5  GASIFIER  QUENCH  SYSTEM 

The  gasifier  quench  system  caused  no  major  problems  during  either 
Runs  33A  or  33B.  Examination  of  the  venturi  and  quench  tower  after  the 
run  showed  the  usual  calcium  carbonate  buildups;  however,  rod-out  devices 
allowed  clearing  the  venturi  when  necessary.  The  venturi  throat  and  the 
tower  inlet  were  rodded  at  least  once  per  shift.  After  Run  33A  the  deposit 


*  Intermediate  fines  material  -  normally  20  x  65  Tyler  mesh  particles  of 
shale,  clays,  sandstone,  and  quartz  which  are  in  the  coal  feedstock  in 
small  quantities.  ly^ 


in  the  venturi  was  irregular  and  not  quite  as  thick  as  usual.  The  de- 
posit in  the  tower  opposite  the  gas  inlet  was  about  one-fourth  inch 
thick.  After  Run  33B  the  deposit  in  the  venturi  restricted  flow  to  the 
two-inch  diameter  hole  left  where  the  rod  out  cleaned.  Th<;  deposit  in 
the  tower  was  about  one-inch  thick. 

In  defense  of  the  present  additive  program,  a  study  of  additive 
concentration  probably  led  to  these  deposits.  A  program  of  reducing  the 
concentration  to  establish  the  minimum  concentration  required  was  initi- 
ated during  Run  33B.   Betz  DP-670  was  the  additive  tested  during  both 
33A  and  33B.   During  Run  33A  the  concentration  was  maintained  at  485 
PPM,  and  there  was  no  increase  in  pressure  drop  across  the  venturi. 
Also,  air  was  added  to  the  gasifier  throughout  33A  except  for  only  a  few 
hours.   The  period  of  air  addition  is  always  the  worst  part  of  the  run 
for  deposit  buildup  in  the  venturi  and  quench  tower.  For  Run  33B  the 
additive  concentration  was  275  PPM  during  air  addition  and  65  PPM  after 
air  was  removed.  Neither  of  these  periods  showed  an  increase  in  the 
venturi  pressure  drop.  A  third  period  at  40  PPM  concentration  showed  an 
increase  of  0.3  PSI/HR.  The  majority  of  the  deposit  found  after  Run  33B 
probably  resulted  from  this  last  period.  While  the  additive  controls 
the  buildup  of  deposits  to  a  certain  extent,  it  has  not  eliminated  them. 
The  extensive  program  of  additive  testing  will  continue. 

4 . 6    METHANATION 

Run  33B  was  the  first  run  during  which  the  methanation  unit  was 
operated  extensively  (211  hours) .  Figure  33-10  shows  a  schematic  of  the 
process  flow  in  the  methanation  section.  Gas  from  the  gasifier  quench 
tower  knockout  pot  sequentially  passes  through  a  carbonate  tower,  zinc 
oxide  reactor,  the  packed  tube  methanator  with  a  knockout  pot  and  to  the 
adiabatic  cleanup  reactor  with  a  knockout  pot.   From  the  methanation 
unit,  the  product  gas  is  flared.  The  carbonate  tower  removed  the  bulk 
of  the  sulfur  and  a  desired  amount  of  the  carbon  dioxide  from  the  feed 
gas.  The  zinc  oxide  adsorbs  any  sulfur  not  removed  in  the  carbonate 
tower  to  protect  the  catalyst  in  the  methanator.  The  packed  tube  meth- 
anator is  the  primary  methanation  reactor.  Practically  all  the  methana- 
tion takes  place  in  the  packed  tube  reactor.  A  water  knockout  and 
cleanup  reactor  assure  that  all  the  carbon  oxides  are  reacted.  The 
design  of  the  packed  tube  reactor  has  been  detailed  in  the  Run  29  re- 
port.  Basically,  the  reactor  is  a  modification  of  a  floating  head  ex- 
changer with  catalyst  within  the  tubes.  Gas  flows  down  the  tubes  and 
up  and  out  through  a  center  outlet  pipe.  The  tubes  are  cooled  by  circu- 
lating Dowtherm.  ^ 

Some  tubes  have  movable  thermocouples  to  study  temperature  pro- 
files through  the  reactor.  Table  33-21  shows  these  profiles.  Gas  com- 
positions and  flow  rates  are  recorded  in  Table  33-22. 
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Successful  operation  of  the  methanation  units  allowed  integrated 
plant  operation  yielding  900  BTU/SCF  gas.  Run  33B  clearly  demonstrated 
that  the  packed  tube  methanation  reactor  provides  a  workable  design  for 
converting  synthesis  gas  into  synthetic  natural  gas. 


4.7    PLANT  DATA 
Run  33A 


The  tables  showing  the  plant  data  for  Run  33A  are  Tables 
33-3  through  33-10.  Gasifier  and  regenerator  data  are  in  Tables 
33-3  and  33-4  respectively.  Feedstock  compositions  are  in  Table 
33-5.  Table  33-6  shows  data  for  both  of  the  circulated  acceptor 
streams.  The  reject  acceptor  data  and  the  char  bed  material  data 
are  in  Tables  33-7  and  33-8.   The  gasifier  char  which  is  washed 
out  of  the  product  gas  in  the  quench  tower  was  analyzed  and  this 
data  is  in  Table  33-9.  Table  33-10  finishes  the  data  for  Run  33A 
with  the  ash  and  attrited  acceptor  data. 

Run  33B 

Because  Run  33  was  such  a  long  run  and  such  a  steady  run, 
the  data  in  Tables  33-11  through  33-20  represent  the  best  plant  data 
available  to  date.  Solids  rates  in  and  out  of  the  vessels,  gas 
flow  rates,  bed  conditions  and  gas  compositions  are  recorded  for 
the  gasifier  and  regenerator  in  Tables  33-11  and  33-12.  The 
period  from  0300  hours  on  February  14  to  0300  hours  on  February  21 
represents  a  very  stable  period  of  operation.  The  rates  of  solids 
from  the  system  to  lockhoppers  were  averaged  over  this  period  to 
better  represent  the  actual  withdrawal  rates.  Deviations  from 
these  averages  were  normally  minor.  Any  deviations  which  did 
occur  probably  result  from  holdup  in  the  lockhopper  or  minor  in- 
ventory changes  in  the  reactors.  Table  33-13  shows  the  character- 
istics of  the  startup  dead-burned  dolomite  and  Minnekahta  lime- 
stone acceptor  and  the  startup  Husky  char  and  Velva  lignite  feeds. 
Data  on  the  circulating  acceptor  is  in  Tables  33-14  and  33-15. 
Table  33-14  shows  the  calcined  acceptor  to  the  gasifier  and  Table 
33-15  shows  the  recarbonated  acceptor  from  the  gasifier.  The  re- 
ject acceptor  is  withdrawn  to  the  new  lockhopper  system  off  the 
regenerator.  No  material  was  withdrawn  from  the  old  purge  sys- 
tem off  of  the  gasifier  boot.  The  reject  acceptor  data  is  in 
Table  33-16.  Table  33-17  shows  data  on  the  char  bed  material. 
The  char  bed  sample  is  withdrawn  directly  from  the  gasifier  char 
bed  during  the  run.  The  char  bed  contains  the  char,  acceptor, 
and  intermediate  fines.  The  sample  is  first  sized  and  analyzed 
as  a  whole,  then  the  char  fraction  burned  off  to  leave  ash, 
acceptor,  and  intermediate  fines.  The  ash  is  screened  out  at 
80  Tyler  mesh  and  the  remaining  portion  is  sized.  The  fractions 
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larger  than  20  Tyler  mesh  are  considered  acceptor  and  those 
smaller  than  20  Tyler  mesh  are  intermediate  fines.  The  distinc- 
tion between  acceptor  and  fines  is  somewhat  arbitrary  but  repre- 
sents the  fractions  that  shower  freely  and  those  that  stay  in 
the  char  bed.  Some  portion  of  the  gasifier  char  exits  the  gasi- 
fier  and  is  collected  in  the  external  cyclone  or  is  washed  out  of 
the  product  gas  in  the  gasifier  quench  tower.  Data  on  these  mate- 
rials is  in  Tables  33-18  and  33-19.  Ash  and  attrited  acceptor  are 
blown  out  of  the  regenerator  and  are  collected  by  two  external 
cyclones  in  series.  Ash  from  the  B  lockhopper  comes  from  the 
primary  cyclone  while  the  secondary  cyclone  dumps  through  the  A 
lockhopper.  The  data  on  the  ash  and  attrited  acceptor  is  in 
Table  33-20. 
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FUTURE  PLANS 


The  next  run  will  feature  the  use  of  Glenharold  lignite  as  feed- 
stock. The  run  will  be  conducted  in  essentially  the  same  manner  as  Run 
33.  Glenharold  lignite  has  a  much  higher  sodium  content  and  is  more 
representative  of  the  numerous  lignite  deposits  than  is  Velva  lignite. 
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Pressure  Drop  Factor,  AP/pL 
S2l^         Iil!!£         Overall         Sloped  Section         Vertical  Section 
2/11 


2/12 
2/13 

2/14 

2/lS 
2/16 

2/17 

2/18 
2/19 

2/20 
2/21 


0230 

0.501 

0.561 

0.481 

0650 

0.547 

0.547 

0.546 

0815 

0.543 

0.534 

0.546 

ISOO 

0.657 

0.525 

0.700 

0420 

0.554 

0.517 

0.567 

0900 

0.549 

O.SSl 

0.549 

1730 

0.624 

0.S65 

0.643 

2125 

0.612 

0.SS4 

0.631 

0230 

0.612 

0.S54 

0.631 

0600 

0.627 

0.S42 

0.654 

0820 

0.586 

0.554 

0.597 

130S 

0.589 

O.SIS 

0.613 

2155 

0.5S0 

0.492 

0.569 

0240 

0.557 

0.507 

0.574 

0630 

0.533 

0.534 

0.532 

1110 

0.550 

0.498 

0.568 

1440 

0.515 

0.498 

0.520 

1805 

0.491 

0.473 

0.497 

2220 

0.506 

0.488 

0.512 

0125 

0.524 

0.498 

0.532 

0525 

0.506 

0.498 

0.509 

0815 

0.515 

0.498 

0.520 

1230 

0.524 

0.498 

0.532 

0015 

0.518 

0.510 

0.520 

0615 

0.561 

0.534 

0.570 

1020 

0.559 

0.513 

0.573 

1810 

0.556 

0.48S 

0.579 

2235 

0.540 

0.436 

0.S74 

0210 

0.555 

0.4S9 

0.585 

0455 

0.549 

0.471 

0.S74 

1415 

n..S64 

n.4«8 

n.SRX 

2110 

0.S69 

0.483 

0.597 

2305 

0.S78 

0.483  . 

0.608 

02?0 

0.546 

0.490 

0.564 

0510 

0.554 

0.523 

0.564 

1430 

0.567 

0.512 

0.585 

0245 

0.605 

0.520 

0.633 

0515 

0.621 

0.520 

0.654 

08SS 

0.619 

0.S23 

0.650 

1450 

0.562 

0.523 

0.575 

1850 

0.556 

0.515 

0.569 

2130 

0.569 

0.511 

0.588 

2330 

0.561 

0.554 

0.S8S 

021S 

0.552 

0.554 

0.551 

0435 

0.571 

0.546 

0.580 

0705 

0.562 

0.546 

0.568 

1150 

0.568 

0.534 

0.579 

1S20 

0.559 

0.542 

0.S64 

1900 

0.460 

0.526 

0.439 

0225 

0.629 

0.538 

0.659 

0500 

0.574 

0.522 

0.591 

0740 

0.574 

0.522 

0.591 

1510 

0.574 

0.522 

0.591 

Table  33-2.  CHAR  STANDLEG  PRESSURE  DROP  FACTORS  FOR  RUN  33B 
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Date  1/27     1/28     1/29     1/30 

Screen  Size,  Wt  % 
Tyler  Mesh 
+60 
60  X  100 
100  X  325 
-325 

Ultimate  Analysis,  Wt  % 

C 

H 

N 

S 

Ash  +  SO, 
.■* 

Elemental  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 
P2O5 
AI2O3 
Fe203 
TiOp 


1.3 

1.1 

Tr 

0.8 

17.0 

27.4 

36.2 

26.9 

67.5 

65.8 

13.5 

48.9 

14.2 

5.7 

50.3 

23.4 

51.3 

55.0 

63.8 

69.0 

1.4 

0.9 

0.8 

1.0 

0.27 

0.24 

0.22 

0.26 

1.06 

0.70 

0.84 

0.81 

44.15 

33.80 

27.89 

23.77 

36.31 

16.77 

16.55 

18.73 

6.97 

7.78 

6.50 

9.10 

2.37 

1.23 

1.18 

1.00 

28.77 

46.16 

47.68 

46.33 

5.11 

6.81 

4.57 

4.11 

0.22 

0.12 

0.13 

0.18 

0.30 

0.45 

0.95 

0.72 

13.08 

11.57 

14.08 

11.61 

6.05 

6.06 

7.03 

6.87 

0.44 

0.40 

0.41 

0.33 

Table  33-9.  GAS  IF I ER  QUENCH  TOWER  SOLIDS  COMPOSITES  FOR  RUN  33A 
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2.4 

2.1 

2.0 

4.1 

6.6 

5.8 

7.9 

11.1 

10.0 

11.9 

14.9 

13.8 

21.9 

24.5 

23.4 

12.7 

•17.5 

13.4 

39.1 

23.4 

31.6 

Date  1/29     1/30     1/30 

Time  1330     0400     0400 

Flopper  B       B       A 

Screen  Size,  Wt  % 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 

Sulfide  1.49     0.88     0.89 

%  Calcine  Weight  Change     -1.9     -3.8     -3.3 

Elemental  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 

P2O5 
AI2O3 

•6203 

Ti02 


19.90 

24.38 

22.16 

7.69 

4.46 

5.72 

1.96 

1.92 

2.00 

52.52 

51.65 

52.63 

5.20 

5.33 

4.81 

0.43 

0.44 

0.47 

0.13 

0.08 

0.08 

6.50 

6.45 

6.88 

2.35 

2.62 

2.65 

0.15 

0.16 

0.17 

Table  33-10.  ASH  AND  ATTRITED  ACCEPTOR  COMPOSITES  FOR  RUN  33A 

202 


A 


00   rn 


P<4  O 

^  o 


A 


o  o  o  o  o 

00    rO   f^ 

to 


O  <N  00  00 


000r~0<^0'-'tN 
>j        f-i  vo  in 


O  <N  vo  O 


0<n000  — «00O^vO 

i-l    O   CM  ....              .... 

<N-H  r>-<NOf^o<^o>-'oo 

•  CO           ^                           vO  «* 


i-i»a'C^<^vOO^<v|v3'.-i 


<N  vO  O  O  m 

.     .  (-»  m     •  a^  o> 

rg  o  r~~  n  m  -^  ■* 

(N  -^  ^^ 


tN  \0  vO  O  •n 

.      .  ^  cvi      .  O  O 

<N  O  00  f^  lA  u-l  in 

<N    .-<   ^^ 


o 

o  o  o  o  o 

o 

.-H     O    O^ 

(O 

<N    — < 

o 

i* 

-J  o 
-I  o 


O  in  o  O  O 
.-I   o  ^ 


60O  m  o  o  o 

•rt  rH    rO    m 
►J  <N    --1 


«J  CM 

> 


> 


o  o 


t 


m  m  o  o 
r^  m 


o  o  o  o  o 

04  o^  r~ 
CM    ^ 


o  m  m  o  o 

tH    ^   (3^ 


O^^^^OOf^lr^lOOOO^ 
ro  <S  vf>  N? 


■^-*c<<r<ooocM— lo 


0^OCT»<0-Jr-»CM-3'-H 


r^enOOOCMO-^m 
po        CM  r^  m 


r->ooo^-^mr«.<NO^ci 


oOcMO'JoOCMOf^-O* 
en        CM  r^  in 


ot*iO''~3''-<incM»j-* 


.-(  fO  CM   ^  00  >0 


CM  r--  00  O  m 

•    •  vo  o     •  o  c^ 

CM  o  00  en  >»  in  >3- 

CM  i-l  ■-< 


CM  r~  \0  in  O 

CM  O  00  CM  vt  ~3-  •* 

CM     »-l    r-l 


CM   1^                   OO  O  O 

•      •  CM  O      •  O  O^ 

CM  o  o»  fo  m  m  -J- 

CM  -^  ■— I 


CM  00               O  O  O 

.    •  in  o    •  o  o 

CM  o  o^  <^  m  m  m 

CM  •— I  ■— I 


CO  o^  CM  o  m 

.     .©NO     •  o  o 

CM  o  o^  to  CI  m  in 

CM    f-l   i-l 


C-    00    O^    -T    CM 


00    CO    -^   <0    O 


^  a>  -»  c>  cvj 

r-l  m    1-1 


00  00  vO  o>  a> 


Tt  00     t~-   00   <H 
1-1  LO   »H 


o  r<  i-t  00  to 


tn 

d 

o> 

to* 

r-l 

s 

1-1 

>H 

m 

!-» 

r* 

rH 

^ 

-3- 

CI 

sO 

•* 

CM 

r^  CM  -^   CM  -^  «o 


("--JOOO^cMO-J'in 
-^  CM        CO  •-•  o^  r- 


CM  O  CM  O  m 

•      .  o^   C^       "OCT* 

CM  —I  On  n  CO  in  ^ 

CM    1-1   1-1 


O   O  O  O  O  —I  to 

\  I  a^  a^  ^o 

r-{    -^ 


— <   vO   to    <N    vO   CM 


o 

U  O 

ON  o 

<a  \o 

v»o> 

J=  CM 

CM  ^ 

o    • 

O^i-iOt^O^cMO-Jr^ 

-H   CM  n    .— I  O^    t~~ 


O^  to  cN  CN  in  r^ 


O^OO-^O^cMO'OON 

—4  CM       to  1-1  o^  m 


-JO  -J-  o  o 

.     .  _-  r^      .  O  O 

CM  -^  O  to  CM  in  in 


^  O  O  m  o 

•      .   .-1  CM      •  vO  1^ 

CM  1-1  o  -^  m  vj  <j- 

-^  tN  — 1  1-1 


in  — (  -^  ,-(  O 
— ^  ^^  1— I  i/^  1— t 


04  0>    CTi  O  CM 


LO  »H    to   Oi  0> 


(O  Ol    vD  00  to 
\0  to    vO  TJ-  00 


o  CM  i-(  to  to 


00  ^   CM  00  r^ 

1-1  «-(    CM   to 


>3-   —I  to    i-i  O 


00  m  in  LO  \o 

-^    1-1    CM     to 


O^    >0    t~^    LO  -^ 


o>   O^   1— I   Tt  ~S' 
-^    TJ-   CM 


u 

iC 


s< 


.CCM 

£ 

x> 

u 

1-4 

< 

^•^ 
«» 

-i-s 

e     (iH 

« 

.a 

N^ 

m 

0 

0 

0) 

1-4 

u 

**• 

^ 

"O 

^-K 

« 

to 

<u     - 

A 

•r^ 

* 

>» 

in 

^-v      4J 

P    <u 

in 

1-4 

•U     P      V4 

N.^ 

*v,in    <4-i 

--»      3     M 

c 

o 

C  4=   J2 

0 

4-1 

v.^  ^in     *j    3 

0 

CO 

c^.^^ 

S 

« 

U-ICO     A 

^^      ^    iJ 

•H 

^■v 

Cu  .a  ^ 

X 

Cc 

in 

JJ  1-1 

4-1     M      CO 

4-1 

1-1 

T3 

1—1  1— * 

Cb 

a  X 

X 

■v. 

». 

VM 

iw     01     M 

•H 

N.-' 

CO 

o 

u 

■X. 

3: 

CO    fc 

Cl. 

4J 

X'N^        •> 

a,  (u 

in 

>M 

OJ 

•H       «       » 

CO 

bw 

Cb 

s  a 

CJ 

<4>4 

-u 

lO     >> 

"go. 

0 

x: 

.c 

C   M  -J 

Z 

u 

2:  u 

X 

CO 

CO 

•H 

-^     4J 

4->  at   E 

Q. 

">v 

M 

CO    O    <0 

CO 

ti.    CO 

bu 

'  s 

Z 

M 

u 

1-1 

J2  H   oj 

E 

.o 

01 

M4J     3 

.* 

S 

a  2: 

a 

01 

>, 

0 

«  in 

00       H 

0 

-^ 

^ 

M  a.  CO 

a> 

CO 

CO 

&0     "^ 

^ 

w 

4J 

>N    C 

•rH      *J 

CJ 

O  «   u 

^-4 

^ 

Z     - 

z; 

W     01 

■i-i 

X 

c 

•H 

0; 

u    <u 

OJ    0    T3 

* 

O   "O- 

-^ 

o 

B 

E 

3    ao 

01 

Cn 

0 

U 

> 

•H    Q 

X  0   0) 

<n 

j<: 

<u 

•u 

o  <j  xito 

>> 

CO 

«    (0 

.« 

(X       V4 

— ^ 

u 

•  1-4 

0 

(n 

03    CQ 

CO 

o 

iJ 

01 

iJ    <     XJv^ 

o 

(U 

cMo; 

M 

3 

c 

to 

4^ 

^^ 

T3 

C    T3 

-0 

CJ 

o 

CO 

M 

•r-4 

<n 

o; 

4-) 

0     4J 

•  H 

0;   Ol 

K-t 

z: 

•H 

0) 

<U 

0>     01 

01     OJ     OJ 

4J 

b: 

(U 

OT    *J    3 

3  oi 

CO 

CJ    CO 

< 

-^ 

T3 

> 

CO 

Q    CQ 

CO     (^    &0  "O 

in 

> 

•o  o 

o 

0    JJ 

i_l 

.k 

c 

CO    CO 

CO 

V) 

•o 

"O 

o 

•rH      01       IJ 

—4 

u 

i^ 

4J     OJ 

OJ 

>.    V- 

CO 

.ij 

0 

4J 

>-i 

*->     U 

P    l-i    l-i 

at 

T3 

01 

<j 

o 

-^   -^    CO 

tu 

o 

o 

0  -o 

-a 

0     0) 

J_l 

c 

u 

0 

CO 

0   to 

CO   at   at 

x: 

<^         < 

V 

1 

•H 

01 

01 

<u 

o   (u  j: 

o 

o 

0     -H 

•H 

0)     C 

0 

0) 

0 

x: 

0  x: 

JZ    >    > 

u  0 

0     CNI   rsil 

1-4 

o 

Cti 

u. 

cc 

CO  oc  u 

(0 
CO 

aa 

aa 

oa  CO 

00 

«  "-J 

E- 

> 

"S 

oa 

u 

oa  CJ 

U  <  < 

U    Z   X   CJ 

o 

H 

CO 

o 

n 

h 

B 

00 

•H 

^M 

(.4 

0 

IM 

.« 

X. 

04 

efi 

* 

0 

CM 

■» 

II 

u 

A 

V. 

JO 

p^ 

0 

-o 

u  to 

CO  0 

x: 

in 

0  -4 

4-* 

tvi 

c 

M  "v. 

« 

0   CM 

E 

M-l 

<l> 

0 

t-4 

.»  U 

3 

tn 

0) 

tn 

4J 

4J    0 

CO 

C 

c  0 

<U 

V 

a>  to 

fi 

fi 

E  0 

V 

« 

u 

u 

V4    -* 

0) 

3 

3  .-1 

4-1 

in 

cn'^^ 

4) 

en 

CO 

a)  CM 

F. 

41 

01 

0) 

u 

R 

6  TJ 

> 

CO 

0 

0 

M 

0. 

r  -^ 

1—1 

CO 

a.  u 

I4M 

.t 

4-1 

tf    41 

b 

0. 

« 

—4 

V 

Vi 

y 

>4-l 

u 

0)    w 

•iH 

3 

•0  j: 

V»4 

in 

en 

V     4J 

■H 

CO 

<n 

w 

u 

OO 

0) 

<W     00 

0 

i-i 

C 

4J 

a. 

>N'H 

>^ 

V 

.O      V4 

X5 

•-I 

>% 

3 

C 

X3 

T>  "O 

•0 

•1-1 

<V 

<a 

T3 

C  "O 

c 

c 

o; 

iH     4) 

1-4 

0 

4-1 

g    00 

E 

CO 

W.    CO 

t^ 

T3 

0 

a>  i-i 

4) 

OJ 

•H 

4.1      0> 

4-1 

in 

T3 

0)    > 

V 

<o 

c 

0  < 

a 

CQ 

P-H 

^-s.  ^-x  ^^  <^-s  ^-s. 

-^  CM  CO  ~3-  m 

«4-l 
O 


•P 


CQ 

cc 
O 

< 

< 
Q 

qe: 


CO 

< 


I 

to 
to 


203 


r 


«o  o 

-I  O 


Ao  o 


•n  o 
^  o 


-*  o 


O  O  <n  o  O 

.-I    c>«   fO 


o  o  m  o  o 
.-•  CM  m 
t-%  — < 


o  o  in  o  o 
«H  <^  en 


O  O  lO   o  o 
r-.  CM  CO 


o  o  in  o  o 
r^  c^  c> 


4j  o  o  tn  o  o 

t-l  0>    CM   n 

c  in  — I 
00   • 

-^  CM 
•J 

«  O  O  ir»   O  O 

>  0»  CM  CO 
.-I  lO  — • 

«     •> 
>  CM 


o  o  m  o  o 

Ob   CM  CO 

1/1  •— > 


O  O  «ri   O  O 
O  r^  CO 


o  o  «o  o  o 

1-1    vO    CO 

1^  ^ 


CO  o 
-I  O 


I 


o 

o 


o  o  o 


o  o  o  o  o 
1  f  o  m  -^ 
"  in  ^ 


,-»0\r-»           OCMO^vO  CMvO                   00«OIO 

•    ••         ....  ..inco-c^o^ 

0<-<0'n0c000c0  CMO>0<0-»~3-^ 

.^            I— I                             \0    ITV  CM    .-<   t-l 

ino^r~-        oco^irv  cMvo             cMioiTi 

...           ....  ..irtcM'i^o^ 

O— <0«rt0co0—<c0  (VIO>Ocoin<|->3- 

^         i-i                    \0  ir»  CM  --I  —I 

00>r>-          OCMOOCN  cMvO                OOO 

...           ....  ..incM.r^o^ 

0.-<0>nOcoOO~*  CMOvOcOvO~3'~3' 

<f                 r-l                                        \0     >0  CM     ■— 1    1-4 

U->CsO           OCMCM-^  CMvO                   0<OlO 

...           ....  ..inco^r^-oo 

O'-'O'AOcoO— <-*  CMO>OcO\0-a'-3- 

«^             .— I                             vO    IT)  CM    •— 1  t— I 

vOO^r^          0«M-*0*  CMvO                 ooir>io 

...          ....  ..inc^.i^oo 

000<00c000n  cMO'ficOO-J'* 

-a-               r-t                                   \0    m  CM     •— I    •— ' 

OO^r^         OCOO^**  cMsO               0«00 

...           ....  ..u-tco^r^o^ 

O— <0«OOCOOOCM  cmOnOcOnO-*^ 

-^             ^M                                \0    U^  CM    t-H    f-^ 

O^^OO          O^cOOOO^  •— *^                vOOO 

...           ....  ..inco.r^o^ 

OCT>o«nocMoa>co  cmovocoo-*-* 

CO        — •                  mm  CM  •-<  t-i 

a^  o^  o^       ocooo>  cM»o           o<r>o 

.       .       .               ....  ..^OCM.^^O^ 

ooomocoO'-'co  cMOvocom-3-~» 

<^       >-i                vo  m  CM  •— I  "-^ 

(MO^vO         OcMO^r—  CM\D               O  »r%  lO 

.     ..          ....  ..oo-3'-r^oo 

©•-•OvOOcOO-^CM  CMOvOCO^J-TVt 

•J'       f— 1                 vo  m  CM  I— •  —I 

0»0^0»          OcMO^vO  CMvO                OO'C^ 

...            ....  ..I— im.r^oo 

0  0  0000c»10c0i-i  CMOr^cO— <-j-<r 

-^           f— I                           \0   lO  CM    i-H   v-l 

t— lo^io        o»>-i<ocM  r-ivo             ouim 

...            ....  ..cM-^.r^O^ 

OOOi^OCMO'-<cM  rMOr^co-*>J^ 

~3-            •-•                           "O   ft  CM    i-l  .-1 

-JO^m         OcMr^r^  eM>o              cMmo 

...          ....  ..•^(o.ooc^ 

O'^Or^OcoOcM-a-  CMOr^-coco-J^J 

<t              .-«                                «0    m  CM    -H    t-4 


CM   00   O^    -^   O 


^  O^  c*^  O^  CO 

1-1  m  -^ 


OO  — <  CO  lO  CO 


CO  O  CO  O^  CO 

•—I  ^1       m  t— I 


00  — •  -*  m  CM 


CO  O  CO  O^  CO 

^-4  1-4       m  1— I 


r^  1—1  i^  -I  1-1 


CO  o 

CO 

CO 

•—1  l-< 

m 

.-1 

ce, 

o  <n 

o 

• 

m 

CM 

* 

■<*  o 

CO 

<T- 

CO 

1-t 

1-1  1-1 

m 

•-• 

H 

00  r^ 

CO 

CM 

o 

U 

iC 

CO  O 

CO 

o 

CO 

"^ 

1—1  1—1 

m 

1-1 

lo 

\0   1^    O^    CM   ^0 


CO   O   CO  O   CM 

i-J   1-4  lO    1— 4 


.^  r>.  1-4  CM  o> 


-»  O^   CO  O  CM 

1—4  >0    1-4 


r~-  O  CO  »*•  >o 


CO  O  CO  O^  CO 

1-4  1—4       m  1-1 


CO  1-4  1-4  <M  r- 


c*>  O  CO   O^  CO 

1—4    1-4  lO   1— 4 


oo  St  r~-  -^  O 


CO  O  CO  O*  CO 

r-4     1— 4  in     1— i 


CM  o»  lo  1^  r-^ 


■*  O  CO  00  CM 

1-1  1-4       in  1-4 


%*■ 

^x 

>i4 

iCCM 

0 

■^ 

v^ 

X 

.o 

U 

.-• 

^^ 

.k 

.o 

>.-^ 

m 

0      Q 

0) 

.-« 

u 

s.^ 

•o 

.^-s.        « 

<o 

«      «     - 

1i4 

» 

>»       ai"-^    4J 

V4     «    01 

1-4 

•o 

M     M 

•x^    ^m    iw,^ 

a   V4   C 

o 

C 

x:  .c 

0    4J' 

«-<•  «vm 

4J     3     0 

CO 

o 

*^"»v 

X 

Q>  •M«0     lO^ 

a  4->  1-4 

^^ 

0L4 

lO  .o 

X 

b 

tn 

4.>    1-4    4J 

M      4»     4J 

•-• 

•o 

1—4    ^^ 

[I. 

CJ  X  X 

^>v   •> 

••4             >4-4 

<U    M   1^ 

>.^ 

<a 

O 

u 

I 

I 

to   fc.   ti. 

*J      >»^s.       - 

0.    (U     01 

u 

0) 

1-1 

.»      » 

CO 

fc 

fc 

2:  cj  0 

lt-4     4J 

Ji     >S     ~ 

e  0.  0 

iC  j: 

c 

»<  ^ 

s: 

o 

X  o 

X 

to  to 

1^ 

1-4     4J    4-4 

<U    g     Q. 

^^ 

M 

<a 

O    CO 

CO 

U.    CO 

b. 

-s  2: 

-  0 

--•   4: 

HUE 

x> 

w 

00 

*j   > 

» 

s 

u  z 

U 

<u 

>.  0 

«    10    00 

H   0 

1-1 

<§ 

u 

o.  <« 

<u 

to 

to 

00    -    - 

«j 

4-4  ^^ 

>x  C  1^ 

*J         u 

, 

o 

«   u 

1—4 

•> 

2:    " 

Z 

M     V    4J 

X 

d 

-rl      <U 

4->      (U     (U 

0   TJ 

» 

y  •O'^ 

o 

S 

e 

3    00  <U 

b. 

0 

0    > 

iH  Q  X 

0    St    01 

M 

w 

T3 

o 

O   jCcO 

>^ 

<0 

.    OS 

.k 

CL,     P    -4 

CJ 

-1-4 

0 

OJ 

CQ    OQ     01 

u 

4J 

0) 

4J 

•<    *J>- 

o 

(U 

CMOI 

M 

3    C 

to 

4-1 

—4    -O 

C   TJ  "O 

CJ 

o 

« 

M 

•^      01 

(U 

4-4 

0     4J 

•W 

(U  Oi  »-• 

X. 

-«H 

<U      <U 

V     01    « 

<u    <u 

tJ 

o: 

at 

BJ 

*j  3    3 

oe 

CO 

cj  to 

< 

1-4 

T3 

>    « 

a    CQ  BQ 

00  00 -a 

9> 

> 

•o 

o         o 

0    *J   -^ 

*% 

C 

4ti   ca   (Ts 

m 

T3 

•o 

o 

1-4 

<U     »-i   ^ 

4-4 

4J 

iJ    v 

<u 

>.   P     (0 

4J 

0 

*J    u 

4J      1.4     p 

1-4     l-l     <u 

TJ 

V 

0) 

o 

1—4 

— 1  «  u. 

o 

o 

0   TJ 

T3 

0     (U    JJ 

c 

0 

0    as 

0    «d  <o 

<u   at  ji 

CM                    -» 

a> 

0) 

•r4 

0) 

u 

(U 

o 

a>  x: 

o 

o 

0   -^ 

—4 

(1>    c    0 

(U 

0  J= 

0  j=  x: 

>   >   V-  0 

0      CM   CMS 

-u 

B 

1—4 

b. 

tl^l 

cc 

w 

ot:  cj   (0 

trt 

CQ 

m  CO 

CO 

«:  I-"  E- 

> 

•0 

oa  tj 

en  tj  u 

<  <   <u  u 

CJ  z  X  (J 

s 

1-1 

o 

CQ 

8 

C 

00 

T* 

t-l 

u 

0 

<M 

'  .a. 

s 

cu 

od 

* 

0 

CM 

<t 

n 

M 

j: 

\ 

lO 

.-1 

0 

-0 

U   CO 

9  0 

x: 

m 

0  i-H 

4.> 

CM 

c 

U  '•x 

0  CM 

g 

l-l 

4> 

0 

M 

'-  *J 

3 

m 

0) 

ct 

*J 

•u  0 

« 

C 

c  0 

« 

01 

«  CO 

fi 

R 

fci  0 

0) 

« 

P 

u 

u  <t 

« 

3 

3    1-4 

4J 

o> 

•n*^ 

(U 

0) 

40 

<a  CM 

P. 

ot 

at 

« 

4-4 

H 

E   <a 

» 

<0 

0 

0 

V4 

0. 

Z  "^ 

•-I 

<« 

OU    u 

M-l 

» 

4J 

ec  « 

0 

0. 

« 

1-1 

at 

^ 

0 

«M 

u 

w  « 

1-4 

3 

•0  x: 

•4-1 

01 

o> 

w  u 

lH 

« 

01 

« 

14 

01 

at 

•M  00 

0 

Vi 

C 

«J 

0. 

>%«»4 

>. 

at 

jO    M 

.a 

1-1 

>» 

3 

c 

x> 

•0  •\3 

TJ 

iH 

V 

w 

•0 

c  -o 

C 

c 

at 

1-1    <U 

1-1 

0 

4-> 

a  00  a 

« 

M    (0 

u 

•0 

0 

«    U 

<u 

Qt 

1-4 

4J      0) 

4J 

o> 

Tl 

<u    > 

V 

« 

C 

Q  < 

G 

03 

►-I 

to 
o 

CM 

■M 

a> 
<u 

CO 


CQ 

to 
to 

z 

o 

Q 

tu 

I— I 
IX, 

(—1 
CO 

< 

C3 


I 

to 
to 

o 

t— I 
ii3 

cd 

H 


1-1  CM  CO  >»  m 


204 


-*  o 

oi  O 
M  O 


Is 


o  o 

<M   O 


h 

Is 


ON  O 
-J  o 


00  o 

^  o 


If 

Is 


1  o 

o 

u-i 

O  O 

1  '-♦ 

P>4 

CO 

yyr-- 

.-1 

« 

<M 

o 

o 

ITV 

O 

o 

iH 

r-i 

n 

r- 

^^ 

■ 

rM 

o 

O 

m 

o 

o 

1-t 

Pvl 

CO 

t^ 

^4 

«» 

C>J 

o 

o 

m 

o 

o 

»-( 

CM 

CO 

1^ 

i-i 

«t 

r^ 

o 

o 

ir> 

o 

o 

1-t 

«N 

CO 

r«. 

t-t 

« 

«^ 

o 

o 

ir> 

o 

o 

1-1 

CM 

CO 

1^ 

■-< 

«    • 

*i«N 

•fH 

c 

aoo 

o 

«n 

o 

o 

•<-l  iH 

Csl 

CO 

i-Jt-- 

f-i 

« 

(0  (M 

>• 

■-I 

«  o 

O 

«f» 

o 

o 

>iH 

<N 

CO 

r^ 

f— 1 

« 

«M 

o 

o 

ir> 

o 

o 

1-1 

CM 

CO 

1-^ 

f— 1 

« 

<V| 

o 

o 

lO 

o 

o 

1-1 

CM 

CO 

t^ 

w^ 

« 

r< 

o 

o  m  o 

o 

y-i 

cN  m 

r^ 

1—4 

«h 

Cvl 

o  o  m  o  o 

•H     <N|    O^ 

t^  ^ 

00   CO   ^   CO 


000>/^OcMOO^ 


CM  vO       vO  O  >0 

•   •  00  CM   .  00  O^ 

CM  O  ^0  CO  -»  -*  >» 

CM  •-I  •-< 


0>  vO  CM  On  -J' 


CO  O  -*  00  CM 


\0  ON  vO 


ON  CO  CO  00 


r-*  CO  no  m  ON 


OOOiAOcMOOco 
>»  t-l  NO  UO 


CM  NO  CM  O  O 

•       .  On    -<       •  00    O 

cmOnOcOnO^Tit*         ■a'ONCoONCM 

CM  •-)    ^4  .-•  m    f-» 


c^oono        ONcocom  cmno            cM<r>«n        cm^^conooo 

•     ••          •...  ••ONCM»r>-0'           ••««• 

oooiAOfMOOc^  cMONOco«n«»-*       >*o>»flocM 

-♦'-'                 Nom  (M<-if-HrHi-itn«-4 


O  CM  o  r~ 


000<nocooo^ 
^        1-1  no  irt 


O    CM    00    nO 


o-^omocoooco 
>»■        <-i  <o  UO 


CM  NO        nO  O  O 

•   •  On  -♦   •  r^  On 

CM  O  nO  CO  -»  -*  -J- 

CM  —<  1-1 


CN4  vo      O  O  O 

«   .  On  m   •  r~.  On 
CM  O  nO  CO  CM  -*  •* 


>»  l~-  O  1^  •-< 


-»  0^  >*  00  CO 
•-I      I/)  -4 


^  «r>  CM  <-t  r~ 


CM  ■-<  <-!      .-I 


O  On  1^ 


O  CM  00  CO 


0—<0u00co00co 

•»      -^  NO  lO 


CM  On  00 


O  CN4  -J  00 


O'-tOUOOcOO'-tcO 

•♦   -^       NO  m 


m  ON  00 


o  CM  <r  00 


O'-'OU^OCOO— <co 

«*   -^       NO  in 


■*  ON  r^ 


O  CM  CM  NO 


i 


O—<OU0Oc0O—'CM 
^    .-t         nO  «o 


CM  nO      cm  in  o 

*   ♦  00  nO   •  r**  On 

CM  O  nO  CO  O  >»  ^ 

CM  <-<  <-l 


CM  nO       00  UO  O 

•  •  00  r--  •  r^  On 

CM  O  nO  CO  O  "T  >» 

CM  i-<  I-I 


CM  nO     no  «n  «n 

•    •  00  NO    •  |-»  ON 

CM  o  no  CO  »-i  <r  -* 

CM  f-l  f-t 


CM  NO       CM  O  uo 

•   •  00  nO   •  00  on 

CM  O  nO  CO  CO  >S-  -* 

CM  i-t  I-I 


-* 

ON 

COO» 

CO 

•-I 

Irt 

1-4 

OS 

o  to 

On 

<r 

CM 

• 

• 

• 

• 

• 

r«~ 

>»  o> 

CO 

<r 

CO 

rM 

I-I 

UO 

-^ 

If 

H 

M 

o  »o 

o 

KJ 

u 

• 

• 

• 

• 

• 

Ji 

*n 

o 

Tt 

o> 

to 

■V. 

»H 

iH 

m 

»H 

ja 

-^ONf*-          OcMONin  cMnO                nOOO 

•••          •••»  ••NOuo^r^ON 

O-^OUOOCOOOCO  CMOvOcocM«4->t' 

N*                      --I                                                     nO      lO  <M      ^4       )-l 


00  ON  O 


O  CM  On  CO 


OOOnOOcoOO-* 
•*  -^  NO  UO 


f-4  On  On 


O  CM  ^  >* 


O—iOuOOcOO'-'i/^ 
•*    •-<  nO  lO 


CM  NO       CM  in  O 

•  •  00  -^  •  r^  ON 

CM  O  vO  CO  -»  >»  -3- 

CM  ^4  -4 


CM  nO     cm  in  «n 

•   •  nO  lO   •  00  o 

CM  O  nO  CO  ^T  <J-  kO 

CM  1-1  1-1 


O  O  uo  O  O 
'  '  tH  <M  CO 


.o  u 
•o 

•H  •. 

o  e  j=  jc 

w)  o  w 

CU  A  XI 

j:  c  u  -H 

I-I  <0  O  (0 

>  M  O.  (0 


CMONOO            -^CMCMin  CMnO                  OOUO 

•     ••         ...»  ••in>^>Q0ON 

o^O"oocoO'-<>T  cMO<oco>r-a'sj' 

'^             •-•                             nO   UO  CM  I-I    ^H 


00  o  iH  00  lo 


to  O  K)  o>  to 

»H   1-1  I/)   >H 


NO  O  TT  0>  O 


to  1-1  to  «  to 

iH  iH  Irt  T-» 


r^  1^  ^  !*•   >» 


CO  o  <o  00  CO 
^  .^       I/)  ^ 


r».  nO  «Y  00  ut 


*0  On   CO   ON    CO 

^  m  ^ 


0»   CM   ^   00   t^ 


rt  0>  to  0\  CM 
t-(  i/>  r-l 


<-J  O  CM   "*   ^ 


>J   On   CO   O  CO 
-^  NO    ^ 


«     V 
(D   ••-I 


o  <s 

'U  OS 
m 

-<   U,  Ou 

o 

CO 


4J    3 

u 

01 


u 

4JN^ 


Eb 
(U 


o    E 
o    (u 

(U 

ex: 


X 

Cb 
X   CJ   X 
b^  C/)  Cb 

o  s  u 
z    » z 

E 
«  fl)    . 

fMd)     Vl 
4->     O     4J    -H 

CO  cj  CO 


X 
Cb 

a  X  X 

CO  b   Cli 

zoo 

CO   CO 

•nZ  z 
<u 

00  -    - 

I-I     <U    ^J 
J    00  <u 

Oi      Vl    -4 

3    C 

01  CLi    I-I 


^-'        in  o    Q 
o      >-> 

x-^       4)        CO            «)  «     • 

«♦          W^      4.)              U  «      01 

v-*    v.in    i*.K^    3  M   C 

o  .tj-^  -vm    4J  3  o 

«>    <i4fO      J»^       (0  4J    •H 

m             •«    -H    4J     W  BJ     4J 

V.       «  1*4             Vh      0)  l4    -H 

M-i-uxi  X  «e  Q,0 

1-1    "H     4.»    4J      0)  E      Q, 

-  u       -H  j:  H  Q>  E 

>N   O       ^    (A     00  Ho 

104J-4>^C-I4J  O 

C-H(U4j(U(UOT3 

oo>-ioxo<u<n 


to 


CQ   CQ    <a 


•<    -4 


-4    «— ,    <0    Ut 


o:  o 


4->     4.1 


01  01 

O     O   13  T5 

O    O    O  ••-I  "4 

V>    03    QQ    03    CO  CO 


0  4-11-4 
X    I-I      CO 

U  01  -u 
q;  C  O 
PS  I-I  H 


W2.u-4t3CT3T3  O 

Z*^0>0>0)Q^O^(U     ^ 
'0>CQQa3CQ    oooco 

4-)O4-'l-I.U(4l4|4tl01 


COOflJonjnjO)    oij: 


>T3«OCQOO< 


CM  ^ 

^     ^    _    O      CM   CMX 

<:  <u  o  o  z  X  o 
o 


c 

00 

•H 

•-4 

>4 

o 

^4 

»» 

s 

& 

en 

* 

o 

OI 

•» 

N 

u 

x: 

^ 

^ 

•—1 

o 

«  o 

W   CO 

CO   O 

£          ca 

U    — 1    4J 

CM     C 

U  >^    01 

O    CM     E 

<«-l             V 

O    M 

••>  4-1    3 

«> 

«            M 

4-1 

4J  o  <g 

c 

c  o  <u 

jj  CO  B 

E 

B  o 

4> 

V                  IH 

V4 

U    -t     V 

3 

3     -4     *J 

10 

«  \    4) 

<A 

<« 

<0    CM     E 

41 

4> 

V 

4-1 

E 

^11 

CO 

14 

Ou 

2!    •H    >-4 
£      |4    1*4 

CO 

3 

4J 

ec    V 

o 

Q.  « 

f-4 

4> 

h          u 

<«4 

M 

V     «  •H 

3 

•O   J3  <M 

M 

M 

01     4-1    iiH 

« 

(0 

4>                  |4 

60 

41 

<«M     U>  O 

h 

c 

4-1 

a 

>»•»<>» 

V 

.O     M   A 

^4 

>s 

3 

C 

ua 

•o  -o  •« 

l4 

«            V 

•a 

B  -O    C 

B 

4) 

•H      0)    -H 

O 

*i 

g  §?g 

fli 

■O 

u 

V     U    V 

V 

•H 

*j    V  u 

w 

■o 

01    >    <u 

(0 

B 

O   <  Q 

BQ 

M 

to 

<^ 
o 

to 

+J 

X 
C/3 


to 
to 

z 

OS 

OS 

o 

< 

Q 
OS 


^ 

u 


I 

to 
to 


•§ 

H 


-^  pNj  CO  •»  «n 


205 


o 
o 


«M  O 

^  o 


i 


o   O  O  O  "^ 
\^   O^  O  r^  u^ 

to  — '  o  <*•  -^ 


o  o  o  o 
>o  •-'  o  -< 
i/j  tN  »*  CO 


<r  -^       QO  o  to  vD 


ID  •-<        00  in        o 


u-i  O 


lA   ^    ^    CO 


O  >'^  o  o 

o 

vO  <">•  o  o 

o 

LO     CN    l/>    -^ 

moO'— ''-''-^oovo 
in  i-i       00  u-t       o 


vO  o  r--  vO 


«rt  f-H       00  m        "-I 


CO         00  O 

.  ro      •  ^ 

cvi  r»~  O^  00 


00         00  in 

•  m     'in 

«Ni  r-  CT>  00 


00        00  in 

.  O     'in 

c-l  00  O^  00 


O  m  o  m 


O  00  — I  — ' 


O  O  r~  f^ 


o  •-'  o^  o 


o  <r  vo  CT^ 

CM    vO 


Z 

& 


I 


a. 


o 


-J  o 
—I  o 


V 


o 


o  o 

—I  o 


c 

O  O   O  O  m 

4J  \0   ■*  O  "^ 

CO  i/>   rg  — I  n 

<l) 

6  -> 


JJ  o  o  o  o 

^  vO   ^  O  m 

<fl  LO     <N    ^^    <t 

C  --I 

C 


o  o  o  o 

\0   \D  <D  <^ 
If)   r^  ~i   -^ 


O  O  O  O 
\0    -J  O  CO 

LO  en  o  en 


o  o  o  m 
vO  o^  o  r^ 
i/>  ^  r^  -^    I 


<t  O         .-I  O  vO  -^         O 


in  o  r^  O 


moOvOt^'-'^O'— ' 
in  -^       r-»  -JO 


in  -^       m  O  00  r~ 


vOOOOOr^-^oOOOO 
in  •— 1       r~.  >J        0» 


so        r-  O 

.  vO     .en 

(N  00  a>  00 


r^        O  o 

.  r-     •  ^ 

tM   00  O  00 

CM  —* 


r-.        r~-  o 

.  o    •  <r 

{VI  o^  OS   00 


o  "^  c^  <n 


o  en  vD  o 


O  un  o  un 


O  en  vD  O 
CM  r~ 


O  ~3-  <t  «^ 


U 


<0 

3 


O 

mom 

o 

T3 

oo 

m  o  oi 

\ 

o 

<u 

CM 

r-i  00  en 

1     en 

c 

41 

.s 

I  o 

)-l 

4J 

<T 

3 

•^ 

•-* 

CQ 

1 

1 

T3 

f— 1 

o 

«IJ 

o  o 

in  o  1*^ 

OS  o 

(U 

Cx  00 

CM  O   fN 

■^Os 

Q 

CM 

CM  00  en 

c 

««  p-l 

" 

01     01 


M 


O 


4-> 

0) 
4) 

CO 


CQ 
NO 
K) 

z 

a: 

o 

< 
< 

Q 
Di 

o 

OJ 

Z 

tu 

Qi 


1—1 
I 

to 

to 


206 


O    "/^   O  O  "^ 

\o   ■»  o  <r  •'^ 


in  r«.  ^  00  vD  vO 


<noOr-p>J-HvOO'-' 
m  ^^         CO  ir>  ^^  ^^ 


omoom  «— *0         fnr^<r»nir»m 

vO^O-Jm  ••  

m        oro^  moovocM-^inoo 

*  in  ^^         GO              in  ^^  --H 


<j^        mo  o  c^  ^o  m 

.  >o  .... 

rsiooo^oo  OmvOO* 

\0   -^  -^  fS  >o 


O  m  u-1  o 


O  m  o  O  in 

v^    nO    O    ">^   i'^ 
lO  CO    CO    »— * 


O  <n  O  O  m 
vo  vt  o  <r  u~i 


r-  r^  ^t  csi  .— *  vO 


O  >*  r-  00 


O  «»  O^  r~- 


m  o  O  m  CM 
in  -J         CO 


00  <N  >»  C<  o  en 


vi 


•*  o 

-<  o 


vl 


o 


LO 

o  o 

,-i 

m 

O 

o 

m 

CM 

^^ 

<T 

o 

o 

» 

m 

>— 1 

00 

in 

CO 

^4 

_4 

•^ 

o 

o 

o  o 

in 

^ 

o 

vO 

tN 

-» 

CO 

CO 

vO 

in 

O   -3- 

in 

• 

Irt 

CO    CO 

^^ 

m 
in 

o 

o 

m 
<x> 

CM 

^ 

in 

o 

o 

4 

u 

•-4 

C 

C 

5 

4. 

'  o 

in 

o  o 

m 

00 

o 

in 

CNJ 

<t 

00 

00 

0 

)  vO 

<^ 

O   -J 

in 

, 

t 

E 

!  ui 

O  CO 

.—1 

m 

o 

o 

•J- 

CN 

,— 1 

CO 

o 

o^ 

** 

m 

t-t 

00 

m 

o 

CO 

1— 1 

1 

^H 

CI 

I 

4. 

>  o 

m 

o  o 

in 

CO 

o 

c- 

f— 1 

<r 

r>. 

CO 

X 

:  \o 

o^ 

o  <r 

in 

• 

• 

« 

irt 

C^   CO 

•—< 

m 

o 

o 

CO 

<NJ 

,—1 

CN 

o 

o 

Jit 

* 

m 

^^ 

00 

m 

a 

<N| 

1-* 

,_( 

c 

»-4 

c 

00        o  m  o  o  m  c^ 

.  -3-  .... 

CMf^OCO  OCMOOQO 

vO    <N    — <  CN    >0 


O  00  CO  CT' 
O  ^^  r^  O 


O  00  CN  O 
O  CN  1^  O 


O  O  00  vO 


Z  o  o  o  o  m 
\0  CO  o  *3"  in 
l/>  -^  O  CO  — I 


^  O  O  00 


inoor-c>j^H\ooco 
m  ^^        00  in         -^ 


>3  O         m  CN  ^  in 


O  m  o  O  m 

>0  >*-  O  ■*  m  .... 

Lrt^^vOco^-^  moOoOcM.— ir^o 

•  in  — <         00  m 

CN  _4 


OOOOuO  ^^O           O^cn^nO          ^ 

^0-^0~3•ln  •.              .... 

LO^^mco^^  uooor^cM^H^ooco 

•  in  »J         CO              in        o 

-3  -H          ^ 


ooooin  oo        vr^cooo       o 

\o       o  <r  m  .     .          .... 

tn         Oco^^  moomcN^^coocN 

"•  m  »j         00              in         -^ 


^        csi  in 

CN    00    O    00 


<y^        O  m 

•  -4- 

CM    CO    O  CO 

-O  CM  i-l 


CN    CJ<    O^    CO 


O  ^C  r^  r^ 

o  -»  <r  o 


O  r^  ^^ 
O  CO  vO   O 


O  o  O  in  in        r^  O 
\0  c^  O  CN  in  .     . 

i/>— "fO>3--J        ^JOOi^—i 
in  -.         00 

CN 


l-~    CO    CN    ~J 


m  o  CO 


X 

u 


O  -J  -»  m 
O   CN   o    -H 


O  CT^  CO  CO 


i 


^^  r-(    ^-' 

^H 

a: 

0> 

>> 

M>-J      M 

bL. 

h 

j:  p  x; 

* 

o 

X 

3 

o     a 

^  J=   ^>v 

^N           U 

C/5 

(b 

4J 

.o  \  x: 

CO      0 

S 

o 

X 

■>           » 

-J    X>    -H 

C/5 

•rH 

^i^ 

Oif     (0 

■"• 

)->   a. 

• 

r 

U. 

\D  ^^ 

v-i    C 

-  .c    a; 
V     ♦  c  ^   o 

V 

^ 

X 

X    Ci. 

u 

3     O 
4-f     •W 

4J     V4      O 

XI     o 

o^ 

01 

u.  o 

(/) 

O^CO 

CQ      JJ 

^ 

CO    n)  -.4 

-^  < 

>^ 

c 

O    00    X 

01 

VI     4J 

Ui     xH 

<J 

OS  x:  4-1 

<J^ 

•H 

00  z:  u. 

8-  X 

14.1'-. 

OJ    to 

o 

O    CO 

-  "O 

V    X 

l-J 

z:       o 

Cb 

JJ    ^sj..^ 

O-   o 

iJ 

a.      —t 

Vj     0/ 

a:  u, 

»  w 

4J     O 

U-l     ^^ — < 

e  Q. 

(0 

3  —<    o 

O     4J 

o 

l-< 

-  o;  s: 

4J     to 

r—t     4J 

H    O 

•o 

4)    01    o 

4J    .H 

4J     C/1 

•.^ 

OJ     00 

O    X 

««              14^ 

u 

J^    3    >-. 

a.  b 

>u  z: 

< 

M   V.       • 

•r^ 

<A 

>t       " 

A) 

Cd     Cl.     'H 

01     4J 
O     4J'-v 

•H 

o 

X 

>-<      3     4-> 

3    Oi     OJ 

^^      4-1 

c 

0 

4J      >S      « 

•H     4-1     4-1 

>% 

O    <^ 

4-> 

4J 

Ci. 

a.        —1 

u    c 

O    'H   jr 

a3     <Q 

M 

u  u   u 

< 

-^ 

k<  vm 

o 

C    c 

01 

i-t 

O     CO     00 

O 

O 

0    CO    o 

•o 

(0 

O     -H 

01 

00 

01     (U    1-1 

o  > 

^•4       C     "-t 

<u 

4^ 

4J    -H     4J 

4J  e 

3 

4-1     kJ 

s: 

^     M 

.-> 

■o 

0>     OJ      01 

OO  "U 

(0 

41 

a.  ^j   o- 

01    -^     01 

<J    CO 

o 

0)       l4 

<J     O   — 1 
>>   ti     CO 

*J     (0 

c 
o 

>   Q  = 

to     CO 

l>4     ^ 

V    01 
CO    -H 

•T3 

o 

O 

o    X    o 

— 1  J= 

u. 

u    <o 

o 

1^ 

U    4J    4-1 

C     4J 

o 

10  -u  "a 

<ii  x^ 

CN 

(J 

< 

O     3     u 

<  <  < 

OJ      CA 

Bi    < 

CO 
10 

01 

an 

< 

O   -H     o 

oi:  z  H 

0)    o 
>   E- 

T3 

cQ    01    o> 
O    CO   OQ 

>     l-t     rsiO 
<     (U    O    CJ 

O     c- 

Q  H 

CO 

01 
09 

^ 

2 


O 

<4-l 


s 

^ 


x: 


CN  r^         I— ( 


U 

o 

4J  to 

0)  c 

U  OJ 

U  E 

CO  01 


u 
>» 
u 

0> 

1.1 


c 


U    3 
o   <0 

U-l    10 


h    f^   4J    00 


6    O    I-    C 


in  o. 

4->     O 

C  ^4 

4>  -C 
E 

V  0< 

^r  U 

3  3 

(0   10 

ClJ    10 
O    V 

Cl.    <u 

Of  c 

•w 
V 

4)    <44 

s-l  -1 
x>  x> 

0>    01 

C    C 


O    CO 
O     0) 

CO  e 


CN    e  r- 


o  o 


4->     E 


4J  3  4-1 

CO  o 

E  -1  0) 

O     -H  VlH  IJ 


J=    <44 

4J     -H 


).i   a,  OO  oj 


00  o 

c 
•H  >, 

1-1    J3 
3 
T3   -O 


QO  E 

CO  Ix 

U  <U 

O'  4J 

0;    >  OJ  j: 


<  a  o  CO  >-i 


to 

O 


o 


CQ 
to 
to 

Di 

Qi 
O 

< 

< 
Q 

Di 
O 

dJ 

w 
oi 


to 

to 


•s 

H 


•H   CM   O   Tt   LO   >o  r>. 


k 


207 


-I  o 


O  m  o 

O  in 

o 

\£>  00    O 

-^  in 

o 

LO        on 

n  ^ 

o 


o  in  o  O  in 
vo  o  o  vf  m 
Ln  ^^  c^  fn  — * 


^o  ^  rsi  r-^  r*  in 


in  —I        00  in        _j 


o  m  o  o  m 
\0  O  O  <r  m 
Lo  r^  CJV   <v-i   ^^ 


o  m  o  o 
vO  r^  O  -J 
CD         o   fo 


r^  ro  ^^ 


o 

in 

o 

o 

in 

vO 

c- 

O 

^ 

m 

<U    LO 

c^ 

p-l 

,—1 

c 

>> 

o 

U) 

0) 

e  o  in 

o 

o 

in 

^   vO 

<T 

o 

o- 

m 

<r  ^  m  r^  p^ 


in  ^  m  C^  ^^  p^ 


-J  <r  m  o  <T  — 1 


(VI  CO  r-i  ro  ^  ro 


CT^    00    f^   O^    O   O^ 


—I  -3-  O   O   O   CN 


in  o  00 
in  .-I  O 


in^^        r^m^^Oc^vD 


^ 

O  in  o  O  in 

CXI 

,_^ 

OJ 

00  tN  --I  r~-  ^ 

o 

01 

\D  <!■  O  -J  m 

• 

■ 

o 

c 

in         cvj    ro    — 1 

in 

o 

O  CO 

fNi  — '  00  <r  o 

o- 

c 

«> 

in 

•—1 

00 

m         ^-1 

c^         00  m 

.  .  in 

rM  n  <7>  00 


ON         O  O 

.  u-i 

cNi  ro  o  00 


00         in  m 

•  -J 

csi   ^^  O^  00 

r~-  1-1  ^j 


00        f^  in 
•  -J- 

(Ni    ^^   0^    CO 


(y-        00  o 

•  -J 

<vl   O   O^  00 

r^   ^^  ^^ 


CN   O   O^   CO 


O  m  o  O 

00  o 

vD  <r  o  o- 

-I  o 

I/)          CO   ro 

o  in  o  o 

vD  -J-    O   -3- 
l/l  O^   rO 


O  m  o  O  m 

vO  <r  o  -J  m 

LO  O    f^    --< 


O  in  o  O  in 

r-  O 

>0  -3-  o  -I  m 

^  o 

LO         r--  CO  .-1 

o  in  c  o 
^  <r  o  <r 


vOO  O^OOcNin^cvi 

inoOcorsi^HOOO^rg 
in  ^^        CO  in        -— * 


in  1^  rn  o^  ^£>  o 


*o  vO  (^  m  o  p^ 


»o  O  ^ 
in  —I  o 


r^  O  ^  o^  fO  •— I 


O   vD   r^  CO   O  m 


O  (^  in  00 


O  ~J   00  00 


o  lO  o^  m 


o  iv-  f^  o 


O   f'^  C^   00 


O  ~*  c~-  o^ 


O  ^0  Cl  l/> 


o  <N  r-  o^ 

(SI    NO 


o  o>  Tj-  r^ 


o  o  \o  ■<*■ 


o  ~»  m  -H 


O    (VI     (Nl     nO 


<7^       in  o 
.  in 

(VI    (3^    <3\    00 


O  (N  ^^  r^ 


t 

1 

h. 

r* 

■^^ 

0 

h 

CO 

-* 

x: 

S 

0 

/'V 

^*N 

■VV 

£ 

iH    ^-,tN 

x> 

* 

N '    ^       V^ 

•—4 

X 

a; 

>^ 

M— ' 

u 

fc. 

u 

U4    K 

j:    i- 

X 

• 

u 

X 

3 

0      0 

^  s: 

^Vf 

^^ 

u 

on 

bu 

4J 

J2  "^  X*0 

o 

2 

O 

X 

•k     » 

^    ^ 

1— rs 

-^ 

i-> 

t/3 

•t-l 

^v 

01    m 

»— 1 

p 

a. 

• 

2: 

b. 

vO 

^-^ 

u    c 

M 

*• 

x: 

<v 

<u 

X 

v.'  rv 

3    0 

0)      - 

C    "-v 

o 

-H 

•« 

X  u. 

4-1 

0 

-^^ 

4J    "H 

tJ    u 

o 

ja 

u 

O-^ 

CJ 

fa.  0 

CO 

(Uc*^ 

ca  4J 

Ji! 

(0     <fl 

•^ 

.—1 

< 

X71 

c 

C-J    C/1    X 

di 

CO 

4-1 

M    -H 

<J 

a:  j: 

J-J 

Uv^ 

•^ 

t/^  z  a. 

e- 

X 

^ 

U-l'^ 

U    (0 

O 

o 

m 

•• 

"O 

U    X 

>J 

z:       (J 

b. 

^ 

^rv 

CL    0 

4-J 

a 

^^ 

w 

a; 

ac:  ri- 

-  '/: 

*-* 

CJ 

U-I 

J3v^ 

E   a 

CO 

3   -H 

3 

0 

4J 

o 

l-l 

'  11  X 

i-i 

c/1 

^^     4J 

CU   E 

■o 

11     CU 

o 

■u 

•H 

jj  (/) 

•.H 

■u    00 

0 

S 

«^ 

vm 

H    0 

<D 

j«:    3 

M 

Q. 

)-i 

'^  ^ 

< 

00  ti     - 

10 

>v 

» 

0 

lU 

(5    Ci, 

..-1 

CJ 

i-i 

•r-l 

u    3  -u 

,-t 

•. 

c 

J-l 

><        - 

•0 

b 

s 

o 

o 

4J^ 

hJ       » 

0 

X 

3  a.    u 

_4 

4-1 

0 

'rA 

iJ      4.) 

01     c/} 

>> 

CJ 

<r)- 

4-1 

•J 

u. 

Du           — 1 

u 

c 

•  H 

0 

•H  s: 

aa    CO 

P 

I.J    l-l 

H 

< 

U    lu 

0 

C    B 

J-J 

0 

w    00 

0 

O 

O     (0 

o 

•V 

trt 

O   —1 

D 

c/2 

0     Cil    t-i 

0 

> 

•  >-l 

C     -H 

01 

4-» 

J_)  .-1 

4-> 

■u 

c 

3 

^  -^ 

v^ 

z: 

—   00 

4J 

■D 

U 

HI     CU 

00  T3 

a. 

CL^l 

Q. 

o 

CO 

0 

Q. 

u 

00-1 

.-4 

C 

> 

Q   X 

CO     (0 

(/) 

(U 

01    .-1 

V 

a; 

CJ     1-1 

>^ 

■V 

>%  u    (0 

ij 

(0 

0 

M    a; 

•o 

u 

O     X 

o 

•"n 

X 

u* 

O     CO 

0 

k-l 

U     ■!->     4J 

c 

4-1 

0 

c/) 

•a  -o 

0)  j: 

(N 

V 

9i 

•^ 

u 

O     3 

o 

CJ 

VI 

o  x: 

1) 

•fH 

a;  •-<    0 

U 

0 

m 

ID     OJ 

>    m    (vio 

0      IV 

iJ 

e 

»~* 

< 

<    < 

< 

CC 

< 

tA 

<    CJ 

QC 

< 

PC   2  E- 

> 

e- 

T) 

0 

oa  (Q 

<    0  0  0 

0   2 

(0 

•H 

o 

a 

CU 

a 

o 

H 

CO 

O 

Ifl 

s 

Ou 


lO 


CU 


s 


x: 


to 

O 
(O 
+-) 

a> 

CO 


to 
to 

z 

i 

OS 

o 

< 

a 

oi 
O 

E- 

W 

u 


fs 


to 
to 


— <  CM  to  ^  LT)  sO  rx 


208 


•H 
•H 


e 

60 


> 

> 


u 

3 
X 


r>-^'<9-CNi-iLr>i/>ro\0<NfH 
t-»»oc>i-ioovOi/>i-Hr>.^i-H 


K5  O  <N  00   in  o 


O  NO  ^  o  o  t^ 


rMr^t-tooc7>\OfOoo^ 

CTlin»-HOOKi»-ttHtNTtrM 


in  o  o  o  (M  LO 


oomooLnoooii^sor^inrM 
t-(tnc»t-HtniniooLn\or^ 


Ot   00 

o  r-  csi  r~»  to  c» 


rH    .-I    (N    O    r-l    00 


CT>  r^  00  o^  fN  m 
00  in  in  vo  (SI  ^ 


^  oo  o 

O  (N   K> 


NOr^rsivo^oooomH 

^    i-H  l-l 


*? 


a 
*-> 

s: 

4> 

C 
C 

•H 

o 

a 

V 

u 
c 

3 
CQ 

c4 

V 

Q 


«fl  :'  o  o 

4>  orfooomooinoo 

2  00«-li-H<N<Mtn^\Oi-t(N 

o 

VivOXXXXXXXXXXO 

©    +  (SI 

l-l       vooooTOooinooino    i 

X  •"•t-ICMfsim'TvOO 


f-l>H 

•-toin>-ia>oooE-'H 
tn  »o  <N 


in 


tninina>toinTr«Ni<NO 
r^oocNooooin^o 


tnoorfoooooo 


E  <M\OC»inCT>CNTt-tsir\i 

O  ^fH 

i-<  000«-Hi-tCT><NtOOHH 

O  l-l   Tt   CM  »-l 
O 


in 
o 


OQ 

to 
to 

OS 

o 

IX, 

<Ji 

u 

E- 

CO 

o 

o 

u 

u 
o 

H 
CO 

Q 

w 


to 


1 
to 

to 

o 

vOOtOtOtOrHf-HvO 
\0--IOI^00OOO 

m  o 

1— 1 

«-tOOvOO>00«-t 

m  to 

Oo 

E- 

\0 


lO 
CM 


CM 

I 


in 

CM 


O 


tH* 


♦J 

* 

% 

V) 

(A 

i^ 

«*p 

O 

■J 

•H 

32 

*J 

(/> 

3: 

*J 

X 

0) 

X 

X 

1— 1 

u 

•>  </) 

OO 

(d 

p 

0)    o 

O   <M   ^   vO   O   Tf  00 

•r-l 

^   c 

4-> 

N   S 

NO 

00 

o^ 

1-1   .-1   i-H   t-<   (N   CM  CM 

4> 

to 

•H 

00 

s 

^1 

•H 

tn  »-i  Tf 

X 

X 

X 

X  X  X  X  X  X  X 

(M 

«>    3 

O 

-  *>  ♦ 

1 

4) 

*J   *J 

z: 

C  i-i 

^ 

vO 

00 

C".   O   <N  rr  vO   O  TT 

C 

R)     (/) 

4)    X 

,-(   ,H   i-t  T-(  «N  (N 

•H 

S    -H 

+ 

4)  H 

u 

•H     O 

o 

1-H 

*->  2  U  S 

(4 

i-t 

t/J 

U 

=3 

z  en 


o 

CO 


+j  to  to 

C    <M       O  LOO  o    <^ 

0)  O    to  rsio  O  O  O    «N  (NO 

6    -H    O     CO     rt     00    (N    (MrH     a>    .H 

o>cncnzu2:i-Jo-<u.H 

1-1 


209 


O 

o 

f 

{N 

o 

1—1 

o 

^^ 

00 

rg 

o 

M 

o 
o 
o 

o 

o 

o 

11 

I— ( 

o 

I— ( 

o 

**s^ 

00 

(NI 

o 

1 

IT) 

o 

o 

o 

o 

n 

vO 
1—1 

o 

o 

>— 1 

o 

*%^ 

00 

CM 

o 

I 

o 
o 
o 

o 

Oi 

o 

(N 

o 

Q 


(/) 

0 

S 

oV 

i-< 

<0 

+J 

1— ( 

S 

X 

H 

•it 

<t) 

c 

M 

o 

o 
^0 


o  in 


vOOOOOhOOlOOtOOOOU^OO 


OTfvO'^OOrMOCNrfONO 
rH    <N    (N    rH 


1-1  ^O  00 


LO 

O 

• 

• 

t^ 

00 

't 

o 

t^ 

• 

• 

(N 

r^ 

in 

00 

to 


vO 


"«t  r~. 


h-        1-1 
to 


CT>O^CTi^O(Nt-IOO(NLO 


OOOOOOtOtOOOi-t 
I— I    to    to   iH 


to 


LO 


LO 


CTi 


00 

to 


o  o 


tOLOtOOOOtOtOO^tOtO 


OOOI^CNrrtOOOO 
iH    to   to    i-l 


to  -a 

c  c 
4>.H^vooocriorMTr\£)0^oo   c 

0rt  i-(rHTHi-((N<Nrgrt 

^H  +J  a, 

u  a> 
CO  oi 


o 


to 


o 
I 


to 


to   O   LO 

O   vO  to 


•        •        • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•        •        • 

D   CM    (N 

1-1    rH 

in 

o 

1—1 

to 

1—1 

CN 

1-1 

to 

o 

O  \0  o 

o 

VO 

rsj 

o 

CM 

• 

• 

• 

• 

• 

in 

00 

o 

to 

to 

o> 

v£) 

o> 

00 

00 

• 

• 

• 

• 

• 

1—1 

to 

■^ 

-J  -^  o 

1—1 

<N 

r-~ 

r^ 

r- 

O 

C7^ 

o 

LO 

1-1  o  o^ 
O  O  tH 

O  LO  o 


vO   O^   LO 

o  r^  CM 


o  to  o 


•^  ^  ^ 

O   00   <N 


o 
1 

o\« 

o 

CM   O 

0) 

bo 

•p 

c 

3e 

rt 

X 

•^ 

u 

•H 

4-> 

tfl 

X 

X 

bO 

<-i 

•H 

rt 

0) 

C 

& 

< 

0) 

rH 

c 

rt 

•H 

4-> 

o 

c 

fN 

1— t 

0) 

o     to 

a 

s 

II 

•H   O 

u 

0) 

(/J 

CO   CO 

o\« 


LU 


O 


4-> 
O 

X 
03 


CO 

to 
to 

z 

a: 
o 
[i< 

cat: 
W 

t-t 

I— I 
CO 

< 

C3 


0£ 


u 
u 

< 

Q 

W 
Z 

hH 

u 

1-3 

< 
U 

CI, 

u 
u 

u 

< 

I— I 

i 

l-H 

u 


I 

to 
to 

o 


210 


vO    O 

■^   o 


o 
o 


00 


O 
O 


00     1— I 


r~- 

\o 

vO 

• 

* 

• 

r~- 

to 

to 

CN 

to 

to 

• 

« 

• 

rt 

<M 

rsi 

<4-l 
O 


O 
CO 


LO 


to 

t— ( 


O 

o 

00 

o 


o 
o 
o 
o 


I   >-• 


■<*  o 

rH  O 

"-"V  00 

CM  O 


o 
o 
o 

o 


o 
o 


o 
o 

00 

o 


o 
o 
o 
o 


J= 

Irt 

0) 

S 

o\°     U 

o 

•p  .-1 

2:    X 

H 

•% 

<u  c 

t>J    o 

•H 

CO  tJ 

4) 

C    C 

0    -H 

(U 

<D 

(U   rt 

*-> 

E 

^  +-> 

rt 

•H 

O     (D 

a 

H 

oo  a; 

tO>-(vOl-Or^TfrMr-((NlrH«^ 
CNJ  to  rH 


\0 

•o 

vO 

to    CD 

LO 

CM 

vO 

to   <N 

LO 

vD 

00 

rsi  O) 

• 

• 

• 

•        • 

00 
LO 

oo 

v£) 

to    (M 

tOO^CTlh^LOCNi-l-^i-ltO  00 

CN-^tOOOLOtNCgCN^Ln  t-h 

ra  (Nj  rsi  »-i  | 


•^ 

j-i 

en 

00  en 

1^ 

to 

00 

•^  rf 

vD 

o 

o^ 

t^  r^ 

• 

• 

• 

•          • 

00 

LO 

to 

t~- 

•^  to 

voor~-ooLO'*cn»-ivor^\o   >-i 

T-l(NrMtO(NlO<— l(N(Ni-HtO 
CM  (N  eg  T-H 


lO 


to 


(Nl 


r-  to 


o 
I 


LO  t-t  vO 
O  i-l  CN 


O  00  o 


<N  00  O 

o  r^  to 


O  00  o 


»*  to  CM 

o  vo  ""^r 


o  r^  o 


o\o 


■  H'stvOOOCnOCM^'O 


o 

oo 

+j 

c 

S 

rt 

^ 

•* 

u 

•H 

•(-> 

W 

rC 

X 

to 

1—1 

•H 

rt 

<L) 

C 

s 

< 

<1> 

1— 1 

c 

zi 

•H 

*-> 

y 

C 

(N 

o  «*  oo   c 

r— 1 

(U 

O       to 

CM  oj  r^j    nJ 

rt 

6 

II 

■H    O 

a, 

u 

0)  1 

C/D 

!/)    CO 

OQ 

to 
to 

OS 

a: 
o 

w 

HH 
U. 
t-t 
CO 

< 
o 

H 

Ot 
O 

a, 
w 
u 
u 
< 

Q 

UJ 


U 

< 
u 

o: 
o 
E- 
a, 
w 
u 
u 
< 

CJ3 
< 

u 

Qi 
I— t 

u 


I 

to 
to 


o\o 


UJ 


H 


211 


O 
O 
00 

«NI 

r- 

(Nl 

rj 

(N 

OC 

00 

to 

CM    vO   00 

cn 

•<* 

Oi 

uo 

00 

rr 

I— I 

I-H 

i-i    O    to 

o^ 

o 

to 

tH 

1 — ( 

1— 1 

CM 

1 

o 
o 

o 
o 

o 
o 

o 

(NI 

to 
to 

00 

\0 

CM 

'^   00 

to   -"t 

vo  rsi 

•          • 

(M    to 

00 

o 

o 

T— 1 

O 

t-- 

CT> 

vO 

in 

o 

(N   (SI   Ol 

1— 1 

o 

• 

• 

• 

• 

• 

« 

•       •       • 

^^ 

00 

r^ 

cn 

00 

in 

00 

LO 

r-j 

CN 

CM  I-H  r-- 

1 

1 

o 

o 
o 

o 
o 

o 
o 

vO 

(M 

o 
in 

T— t 

to 

to 
in 

in 

00 
00 

rr  in 

vO   to 

Tt  in 

1 

Q 

in 

vO 

00 

O) 

o 

00 

00 

in 

r~.  (3^  in 

r-t 

o 

• 

• 

• 

• 

• 

-v^ 

00 

vO 

CN 

rH 

LO 

00 

■<;r 

i-H 

I-H 

1-H    O    •^ 

1 

o 
o 

(N 

o 

o 

o 
o 

vO 

r-t 

to 

m 

so 

00 

Csl 

vD 

»-l 

(Nl 
CN 

in 

(N 

(N    \0 

(N  r-1 
r--  \o 

CN    CN 

"O 

tH 

(SI 

o 
o 

O 

00 

r^ 

vT) 

O 

in 

vD 

(N 

Tf  r-  -"^t 

00 

\D 

to 

to 

vD 

00 

-^ 

I-H 

I-H 

I-H    O    CN 

o 

■M 

<u 

N 

•H 
C/2 

C 

<D 

s 

1—1 

>^ 

C 
O 

XI 

(1) 

to 

CNI 

T-( 

o 

•H 

Tt   kD 

00 

CT) 

o 

(N 

■<3- 

VO 

o 

rt  00    C 

<U 

(U 

Oi 

rt 

I— 1 

i-H 

»— 1 

1— t 

rsi 

CM   <N     C\3 

4-> 

E 

^ 

+J 

a. 

a 

•H 

o 

0) 

Q 

H 

C/5 

a: 

o 

I 


in  (N  in 

O  in  r-l 


o  <T>  o 


00 


(U 

bc 
C 
ctJ 

X 
u 

+-I 

bC 


u 


CN  CN  CT> 
O  I-H  O 


O  t^  O 


(N  to  iH 

o  r--  CN 


O  vO  O 


CN  t^  r-^ 

O  O  CN 


o  in  o 


oN" 


V) 

1-H 


+j 

C  (N 

a;  O  to 

e  II  -H  o 

o  en  en  CO 

i-H 


o 
to 

(D 
O 

CO 


QQ 

to 
to 

2 

2 

u 

I-H 
M 

o 
o 

o 

CU 

u 
u 
u 

< 

a 
tu 
z 

l-H 

u 

.-J 
< 
u 

a, 
u 
u 
u 
< 

z 


3 
U 
OC 

u 


I 

to 
to 


212 


o 


o 
o 


.-•  O 

CS  O 

^^  00 

(Nl  O 


o 

CM 


o 
o 
o 
o 


o 
o 


o 
o 

00 

o 


o 
o 
o 
o 


o 
o 

vO 


X 

« 

<D 

s: 

o\°    u 

<D 

•P  .-< 

^    X 

H 

•i 

0    C 

N   o 

•H 

to   TS 

(D 

c  c 

0)   -H 

<D 

O 

4)    rt 

+J 

6 

^H      +J 

rt 

•H 

o   <u 

Q 

H 

(-0   Qi 

to 

rj 

O 

o  ■>* 

vO 

o 

v£) 

to  rr 

\D 

(N 

h-    CM 

vO 

I— 1 

o^ 

O 

rl- 

■^ 

00 

o  o 

r^  vo 

t^ 

•^t 

r-- 

LO 

(N 

(Nl 

r^ 

(Nl    CM 

<NJ 

vC 
00 

in 

t-H 

to 

rH 
00 

to 

to 

00 

I— ( 

CT>   O 
to    \£> 

(Nl    Ol 

(7>oooooor^(Niri-rNitOi— ICO 


to 


LO  r-  (3% 

(N    ^ 

00 

LO 

(Nl 

(N 

(N 

,-1    vD 

m 

o 

-^l- 

00  to 

to 

(Nl 

o 
1— 1 

LO   (7> 

vO 
C 

to 

(N 

to  to 

to    Tf 

Tf    tH    LO 
O    r^    rH 


o  r^  o 


^MDCOCr>0(Nlr:rvDO'*00 
I— I    <— I    i-H    T-H    (Nl    ri    (^1 


DO 

c 
u 


(ti 


o\° 


X 


C 
(U 

e 


(NJ 

O         (N4 

II     -rH    O 


(D   (/5    to    C/3 

t—i 

w 


4-> 
0) 

to 


CQ 

to 
to 

Di 

o 

Oh 

oc 

OJ 

hH 

tu 

I— I 

to 

< 

o 

H 

o 

H 

G< 
OJ 

u 
u 
< 

Q 

w 
z 

I— I 

u 

< 

u 

a; 
o 

E-" 
D- 

in 
u 
u 
< 

I— I 

< 
-J 

U 

OS 
hH 
U 


I 

to 
to 


^ 

H 


213 


o 
o 

00 
(N    o 


(NJ 


o 
o 
o 
o 


o 
o 

vO 


^   o 
^^   00 

CM     O 


o 
o 
o 
o 


o 
o 

vO 


o 
o 

00 

o 


o 
o 

o 
o 


o 
o 


en 


O    vO 

r-t 

r-( 

r~- 

1   - 

CnI 

O 

r^ 

VO 

?-H 

LTJ 

t-H    (N 

vO 

00 

•<* 

■vO 

"t^- 

CM 

r-H 

O 

rsi 

r- 1 

r^ 

rH 

r-H 
"^ 

I— 1 

cr, 
vO 

T-t 

o 

T-H 

T-H 

to 

VO 
(M 

cn 

>— 1 

o 

1 

to  I— I  00  00  vO  1J"(  (N  00  CnJ  T-i  vO 


OLnr--r^<7>toocNr-(0'— I 

1— I  fN  rl  r-t 


t~- 

CN] 

00 

r-- 

• 

• 

r-H 

IT) 

1 

o 

00 

00 


o 


in 


at 


00 

to 


m 


LO 


o  rsj 

rH  O 


O 

cn 


vOLD'^OtOr-IOCNtOvO 


o  o 

r~- 

K3 

to 

to 

oo 

1—1 

tn 

I— I 

O    r-l 

o 

^ 

to 

to 

t-l 

o 

LO 

rH    H 

Oi 

rj- 

00 

to    LO 

* 

• 

• 

•              • 

o 

rH     O 

to 

o 


o 
o 


vO  •-<  00 
O  \0  CM 


O  lO  O 


CM  LO  ■>;^ 

O  (Nl  T-H 


O  "^t  o 


r^  o  «* 
o  in  LO 

O  CN  o 


(N 

1-t 

»H 

o  a> 

o 

VO    LO 

CM 

LO 

o 

»* 

LO 

00 

vD 

t-i 

o 

O 

00  o 

o 

• 

• 

• 

• 

• 

. 

U 

• 

• 

• 

• 

•    • 

00 

o  o 

vD 

o^r 

to 

00 

LO 

o 

H 

O 

tH 

o 

o 

o  o 

o 

+J 
O 

tvJ 

•H 
C 

rH 

X 

H 

C 

o 

to 

to 

tH 

4-1 

o 

">^ 

i-H 

X 

■p 

•H 

o 

D 
(U 

rH 

o 

1 

C 

u 

•M 
•H 

3: 
0) 

c 

•H 

o 

X 

•p 

•H 

P 

•H 
(/) 

X 

1— ( 
rt 

< 

i-H 

p 
C 

CM 

0) 

•H    ■^ 

\D  00  en 

o 

(N 

•* 

\0 

o 

■^ 

00 

c 

•H 

t-H 

> 

o; 

O     to 

o 

o 

0) 

rt 

rH 

tH 

rH 

rH 

n 

CM 

CNJ 

rt 

4-1 

oj 

•H 

6 

II 

•H   O 

*-> 

e 

^1 

•P 

a. 

>-l 

u 

P 

0) 

CO 

CO   CO 

a 

•H 

o 

(U 

03 

o 

rH 

Q 

H 

CO 

a; 

a, 

oNO 

< 

W 

o 


O 
CO 


oa 
to 
to 

Z 

:=» 

Di 

o 

u, 

oi 
tu 
1—1 

I-H 

CO 

<: 

§ 

CL. 

a: 
o 

cx 

u 
u 

< 

Q 
W 
H 
< 

O 

oa 

OS 

< 

C_3 


o 

a, 
tu 

<: 

CJ3 

t-H 

-3 

U 

Di 
I— I 

u 


LO 

1—1 
I 

to 
to 


-^ 

H 


214 


in 


A 


CnJ 


CM 


o 
o 

vD 


O 

o 


o 
o 
to 


o 
o 


o 
o 

00 

o 


o 
o 
o 
o 


o 
o 

\0 


c 
o 

00 

o 


o 
o 
o 
o 


o 
o 


(N 


oo 


00 


to    I— t 


t-toto(MOvot^'*oa>oo 
rMr^LOcr>oio<N(Nrsio<Ni 

(M    CM    T-l    .-H 


LD 
LO 


Ol 


o 
to 


00 


en 
rsj 


int^csiootoooot^tovOTH 


»-lt~^t^<rHO^<NlrHrHO'-l 
(N    CN    (N    »-H 


to 


o 


to 

<N1 


00 

to 


LO 


0^ 


rsi  o 


rsjcNtooiorgtorj-torMCT* 


l-HOtO\OLOt^{N.-lr-(00 
(N    (N    CM    1-1 


vD 


to 


00 


to 
to 


(N 


\0 


\D 


00 


to 


^  o 


rsi  o 

CM    «-l 


X 

V) 

a 

S 

oNO 

^1 

<D 

+J 

•— ( 

s 

>^ 

H 

9S 

0) 

C 

N 

o 

<u.H"?3-vooocnorN^voo'=?-oo    c 

Drt  «— lT-4T-4t-((NCNCNInS 

J-i    •t-J  D, 

CO   Di 


oo 


I— (        00 


LO 

(N    LO 

00 
rsi 

<T> 

to     T~\ 

I— ( 

'^ 

o  cr> 

(N 

. 

to 

00 

to    t-H 

I— 1 

LO  T-l 

to 

I 


t-t  en 

to 

• 

to 

(Nl     O 

I— 1 

4-> 
u 


X 

•P 

•H 
(/) 

c 
a; 

Q 


o 

•H 
■P 

CO 


c 
u 


o\° 


to 
o 

r-l 
O 

to 

i-H 

o 
to 

1— I 

o 

to 

o 


vo  o  r- 
o  en  (N 


O  LO  o 


lO  to  Ol 

o  r^  to 


O  LO  o 


to 

r-l 

00 

1 

rH 
O 

cn 
o 

t^  LO  oo 
o  en  to 


o  lO  o 


en 
o 


< 


4-> 


■M 

(U  O       to 

e  II  -H  o 
(u  en  CO  CO 
.—I 

UJ 


o 

(N 

•p 

(D 
di 

X 
CO 


ca 
to 
to 

z 

o 

Di 


< 


o 

a: 
n, 

a: 
o 

a, 

UJ 

u 
< 

Q 
UJ 

< 

o 

DQ 

< 

u 

UJ 
Qi 

a: 
o 

H 

a. 

UJ 

u 
u 
< 

z 

t— I 
H 
< 

U 

Di 

u 


LO 


to 
to 


215 


CTi 


I 


O 

o 
o 
o 


o 
to 

\0 


00 


o 
o 

■"v^  00 

<N1  O 


t 


i\    s 


o 
o 

o 
o 


o 

o 

00 

o 


o 
o 
o 
o 


o 
o 


\0  o 

1-1  o 

^  00 

(N  O 


y 


o 
o 
o 
o 


en 
in 


to 


vO 


to 


LO 


■* 

(Ti    rf 

o 

to  <N 

tH 

vD 

to    Oi 

\D 

• 

•       « 

CM 

00 

<N   C 

I— 1 

t^00'-IO^(M^^tO\DLO\OvO 


■t^ftOrsi'Tfr^-^CNi-HLDOCN 

to  rsi  .— ( 


(N 


\0 
LO 


to 


to 


(Nl 


o 


to  to 


,-iLnoorjtooLn>-trHcy)vo 
■^(N(Ni\ooour>(N<Nr^)Oto 

to    (Nl    1-1 


\o 


00 


LO 


vO 


00 


.-I  o 


rslvOO^l-OLOC?itOOOt^t~^CT> 


tO(NLO\DOO^fNi-fi-IOrH 
to    (N    1-1 


\0 


o 


00 


00  CN 
(N  rH 


00     "^ 
rH     00 


LO 

■^  t^ 

•^ 

. 

• 

(N 

a. 

to      T-l 

1— 1 

LO 
(M 


CTi 

00    00 

(NJ 
(Nl 

O 

to    (Nl 

1-1 

\0 
CM 


(N 
(Nl 


4-1 


to 


I 


o 

1—1 

o 

o 

1— t 

o 

CN 

1—1 

o 

CM 

1-H 

O 

o 
1—1 

o 


LO  00  lO 

o  ^o  to 


O  vO  O 


(Nl 

1—1     to     1-1 

(Nl 

tH      (Jl      O 

I 


(7> 


(N 

1—1 

o 


to  vO  tH 
O  LO  (N 


O  \0  o 


rsi 

1— t 

o 


o\° 


3 

0 

JS 

o 

bO 

4-> 

tn 

^»^ 

c 

S 

o 

XI 

rt 

s 

f— t 

oN°      U 

•^ 

•H 

9i 

X 

•M 

(/) 

■P   tH 

+J 

X 

X 

S     X 

•H 

bO 

1— t 

E- 

</5 

•H 

rt 

•* 

c 

(U 

C 

(U   c 

(U 

S 

< 

tJ    O 

Q 

•r-l 

<u 

1— 1 

CO    TJ 

(U 

c 

X 

nJ 

(1> 

t— 1 

•H 

•p 

•p 

C     C 

o 

O 

•H 

C 

(Nl 

0-H'<*vOOO(?^0(Nl^>X50-^00     C 

•H 

1—1 

> 

V 

o     to 

o 

<0 

Ort                                   i-<i-li-li-l(N(N(Nlrt 

•M 

rt 

•H 

6 

II 

•H   O 

4-> 

e 

M    «->                                                                          Cu 

^1 

u 

+J 

(U 

CO 

CO  CO 

ej 

•H 

o  <u 

rt 

O 

r-t 

Q 

H 

in  as 

a, 

o\o 

< 

U 

o 
to 

■M 

<u 

(D 

X! 
W5 


to 
to 

OS 

o 

OS 

hH 
PL, 

I— I 
CO 

<: 

C3 


§ 

IX, 
OS 

o 

E- 
Cl. 
U 

u 
u 

< 

a 
u 

§ 

BQ 
OS 
< 

u 

tu 

OS 
OS 

a. 
w 
u 
u 
< 

2 


3 
U 

U 


LO 

1-4 

I 

►o 
to 


216 


A 


<N 

I 


A 


o 


t 


I— ( 
CM 


O 

o 


O 

o 

00 

o 


o 
o 
o 
o 


o 
o 


o 
o 

00 

o 


o 
o 
o 
o 


o 

o 


o 
o 

00 

o 


V) 

o 

S 

eN» 

^H 

<D 

+J 

1— 1 

s 

>s 

H 

«« 

(U 

C 

N 

o 

o> 

•«3- 

vO 

o 

VD   -a- 

r-^ 

o 

• 

* 

• 

•       • 

CM 

• 

(NJ 

rr 

CT) 

CM    rH 

r-i 

o 

SO 

CNI 

OvOOOOOrfCJuni-Hl-OCTi 

\00<-HLOcn\Oton(NiocN 
to  (^  1-1 


00 


00 


CNI 


vO 


o 


00 


O  rH 


<NJ 


<T>'>o<T>LOt-toiTr»-ir--LOTt 


'^-OT-ir-^o^i.otorsirHocN 

K)  (Nl  .-H 


^ 


o 


to 

to 


to 


fN 


r-  o 

to  (N 


O^^LOOOa^I^OOvOOOOOOO 

tOh^OvOCnvOtOtOrslOtO 
(N    (N   .-H 


0)  -H 

o 

0) 

<U   rt 

4-> 

e 

^H  ♦-> 

rt 

•H 

o  <u 

a 

H 

C/^    Ci 

to  t3 

C     C'^vOOOO^OCN-rJ-vDO^OO     C 
r-lrHt-(r-ltNI(MfN      CO 


O 

to 


CN 


<N1 


vD 

r-  to 

t^ 

• 

• 

fN 

CTi 

rj    r-t 

1-< 

00 
(NJ 


o 


+J 

•H 
W 

C 
(b 
Q 

a> 

r— ( 
O 

•H 
■P 

fn 

a- 


I 


00 


00 

I 


03 


o\° 


v£>   to    O 
O   -^    CM 


o  r^  o 


CM 

o 


^    T-H    LO 

o  r--  T-( 


o  t^  o 


o 
o 

o 
o 


^O  r-l 


00 

I 


a> 

c 

u 


to  00   o 
O    (N    <N 


O  00  o 


< 


4-1 


rH 

c 
< 


o  O  to 

E  II    -H  o 

(U  LO    CO  !/) 
rH 


o 


•p 
o 
CO 


CQ 

to 
to 


3 
O 


< 
o 

Di 

tu 

Di 

o 

H 

D- 
UJ 
U 
U 
< 

Q 
W 

< 

o 

< 
PJ 

a: 

a: 
O 
E- 
Cu 

UJ 

u 
u 
< 


< 
u 

I— I 
U 


LO 

I— t 
I 

to 
to 


217 


CM 


O 
O 
00 

o 


rvicMi-iooorj-o^.-Hooi-<r^        ^-i 


Or^tOLOrtrj-rvlrHOOO 
i-H    to    Csl    ,-1 


o 
I 


t-H  <N  1-1 

o  t^  to 


O   rt   O 


r* 


♦     2 


m       f-i 


iH     O 

^^      o 

CM     t-l 


O 

NO 

CM 

.-1  o 

r-l 
U1 

• 

1-t 

•        • 

vO 


00 


C7> 


ro  in 


00   •-<  o 

CM 


O 


o 
o 

o 

o 


r-t\£>r^00tO00tOrt\O.-HtO  o> 

0(NLO\£)\0\OOfNOOO  CM 

»-<  to  rsj  .-I  I 


M  r^  K> 

O  t-t  rH 


o  to  o 


o 


A 


to 

CM 


tn 

o 


in 


00 


LO 


o 
in 


to 


00 

to 


CM  \0 


vO    .-HO 


O  H 


to 
to 

o 

b 

•-] 
< 


<s 


Ok 
CM 


m 


o 


t    i 


o 
o 

NO 


o 
o 
m 

o 


CMr^OOOO>t^«HvOvOC\lTf 

OOOOlOj-hlOtJ-OOO 
.-<  to  to  1-1 


o 
o 


^  ^  Oi 

o  •^  to 

O  CM   O 


in 
o 


00 


to 


CM 


o 
o  H 


OOOlOOOr-lCvlLO 
H'-tCMtOrHinCMtOOHt-' 

•-•  rr  CM  iH 


in 

o 


00 


'-•    VO 

•  u 

C7>    o  E- 


a> 


o 
I 


CM  ^  to 

O  O  iH 


O  1-1  o 


a. 
w 
u 
u 

< 

H 
U 

•-s 
u 


vO 

i-H 
I 

to 
to 


0)     V 


4) 

z 

4) 


o  e 

N  o 

•H 

CO  "O 

4> 
C  C 

4)-H^\OOOCT>OCMTrvOOTtOO     c 
<Urt  i-ltHi-l.-((NCM(Nrt 

H     ♦J  Q, 

u  a> 

CO  Qi 


be 


CJ 


V) 

X 

i-i 

4-) 

C  CM 

(U        o      to 

e      -HO 

4>  to  to  CO 

i-H 

u 


E- 


218 


lA 


<M 


t     2 


i 


O 

o 

00 

o 


«    •H 


o 
oo 


^  o 

.-t  o 

^»^  to 

CM  i-l 


M 

K> 

M 

l»- 

TT 

o> 

>c 

o> 

h* 

O 

r-4  O  O 
O  to  r-« 

• 

• 

• 

• 

• 

• 

• 

• 

m 

• 

«   •   • 

NO 

o 

o 

1-4 

to 

<N 

•-4 

1-1 

o 

o 

o 

o  in  o 

tn 

rH 

o 

o 

■«t 

• 

• 

• 

• 

0 

O 

to 

r>. 

(N 

i-» 

. 

oo 

00 

Tj- 

TJ- 

t^ 

• 

• 

• 

• 

« 

o 

o 
to 

o 

f-l 

o 

vO 

r^ 

in 

1-H 

o 

♦ 

• 

• 

• 

• 

CM 

to 

00 

CM 

tH 

o 


i 


o 
o 

vO 

o 


o 
to 
to 

CM 


o 

•-I 


T  vO  to 

o 

<— 1 

to 

LO 

r~. 

m 

r-- 

00 

to 

iH  o»  m 

O  vO  CM 

»     •     • 

3  OO  1^ 

CM 

to 

t— 1 

• 

• 

• 

• 

r-t 

• 

o 

• 

• 

•   •   • 

O  vO  O 

00 

• 

• 

to 

CM 
1^' 

CM 

NO 
r-t 

to 

• 

• 
NO 

to 

• 

OO 

to 

• 

00 

• 

+-> 

(D 


QQ 
lO 

to 

■z 

OS 

o 


to 


CM 


o 
o 


o 

to 

o 


CM 

>^ 
CM 


O 
vO 


CO 
O 


M  vO  to 

a\ 

OO 

r-4 

^ 

•V 

to 

lO 

to 

00 

CM  vO  to 
O  to  to 

5  tH  CM 

• 

CM 

to 

• 

1-1 

oo' 

CM 

• 
r-t 

r-( 

• 

o 

r-t 

O 
1 

O  NO  O 

• 

00 

o 

• 

in 

CM 

1-1 

to 

• 

CM 

NO 

« 
r-l 

o 

NO 
CM 

00 

to 

• 

CM 

to 

rH 

00 

o 

• 
NO 

CM 

• 

CM 

m 

• 

CM 

• 

NO 

• 

tf) 
o 

Of  u 
a> 

*^ 

IM    O 

•H 

«> 
C    C 

O  -H   'O-   O   00   C7^   O 
0)     C4  rl 

^  *J 

O    0) 
CO  Ci£ 


CM   tt 


NO   O   'a-   00    c 
»-l    CM    CM    CM     to 

a. 


00 

§ 

6 


.c 
be 


e 

•H 
U 

•-t 
cd 

u 


•H 
M 
>» 

r-l 

I 


o     to 

o 


<u  en  to  to 


a: 
o 

H 
w 

u 

w 

w 


NO 

r-t 

I 

to 
to 

o 


UJ 


219 


00 


o 
to 

ro 


oo 


O 


vO 


CM 


00 

00 


CM  rH 


f   I 


fOotot^T}-r^,-i<Na>o>r^   •-( 


T-ltOLOO»-tvOtOfNr-IOt'J 
<N  <M  (M  f-l 


O 


M  vO  to 
O  •-•  fN 


O  li^  O 


CJ 


f 


\ 


m 


to 
in 


o 
o 

00 

o 


o 

O 

o 


o 


\0    o 

^       o 
*^   o 


O 

to 
to 
o 


LO 


o 


O 


vO 


to 

in 


vO 


in 


to 
to 


<N 


t^    00  to 
0>     t-(  i-H 


O     tH  O 

r^   (Ni  CM 


\o»-iLOt-ivOLOomco       to 
tNt-^oooor-to«-(OOt-'0 

to  (N  .-( 


I 


•-I  00  <N 
O  CN  .-• 


o  in  o 


to 


to 


00 


m 

CM 


00 
to 


00 


00 
in 


Oi   vO 


vO  00 

•   • 

TJ-  to 


3  CT»  CM 

vO 

CM 

00 

CN 

r-t 

to 

iH 

o 

"«t 

CM  t-»   O 

O    O^    rH 

-1    tH    00 

to  r<4 

00 
rH 

00 

■<• 

CM 

r-t 

1-i 

o 

CvJ 

o 
1 

O    t^    O 

T-l 

CM 

o 

o 

vO 

• 

■ 

• 

• 

• 

00 
CM 

r- 

CM 

•H 

o> 

00 

m 

VO 

CM 

• 

• 

• 

• 

• 

to 

VO 

CM 

\o 

tH 

iH 

CT» 

•^ 

00 

r-» 

CM 

• 

• 

• 

• 

• 

OO 

in 

O 

to 

CO 

tH 

O 

4-( 
o 

to 

■p 
o 

<Si 


to 
to 

§ 

a: 
o 


a: 

u 
u 
u 
< 

U 

u 

•-5 
W 


vO 

rH 
I 

to 
to 


' 

4) 

x: 

bO 

♦-> 

M 

c 

% 

0) 

A 

Z 

trt 

.W»    ^ 

•H 

v 

^ 

tf> 

±?  -• 

^ 

>s 

ae  X 

bO 

r-t 

H 

•H 

cd 

* 

9> 

c 

4>    C 

^ 

<: 

M    O 

•H 

4> 

rH 

en  "O 

c 

rt 

4) 

•H 

4J 

c  c 

u 

c 

CM 

©•HTj-voooa^ofNrrvoon-oo  c 

r-t 

a; 

O      to 

4> 

4> 

Ort                                        »Hr-tr-lr-<CMCMfMrt 

cd 

g 

•H    O 

4J 

s 

M    'M                                                                                       CL 

u 

«>  CO 

cn  en 

<a 

•H 

U    4) 

rH 

a 

H 

en  Qi 

cJP 

U) 

220 


1 

o 

t-l 

oe 

•O 

CO 

'H 

ilV 

f-t 

• 

• 

T 

(N 

^ 

o» 

l-H 

(NI 

(M 

w-i 

lO 

fM 

«-( 

.-1 

fM 

<N   \0   >-l 

.1. 

o 

(N 

00 

o 

'J- 

vO 

1/1 

^ 

t 

r-j 

M 

to 

TT 

O  00   .-1 

V 

o 

• 

• 

• 

• 

•      •      • 

I 

<o 

t^ 

^ 

r-i 

vO 

00 

oi 

(N 

f4 

»-H 

O 

t-H 

1— t 

o  m  o 

o 

M 

(M 

1 

o 

O 

•» 

■^ 

to 

O 

■>* 

• 

• 

\ 

CM 

rv| 

>o 

t^ 

<N 

(N 

1 

CM 

vO 

<M 

to 

vO 

o 

t^ 

00 

•^ 

f~t 

• 

• 

1 

• 

to 

*-< 

00 

t^ 

f-< 

iH 

l-( 

o 

rsi 

o 

CM 

•v. 


to 
o 


i-IOrO'9-OOIOt-~l/)vO'-<'-l 
O   O  O   O 


r-j        o 
00        r-i 


•-t  Ci   00 

to       to  to 


U-l 
O 


oa 
to 

2 

Di 
O 


A    ^ 


O  CM    .-< 


o 
o 


•-»»oto»-<^r^^to^  o 
K  • 

to—ciOCTlCTltorM>-l.-if—  .-( 
to   (N   t-i 


o 


Ol 

^ 

r-i 

00  t~. 

o 

fM    CM 

irt 

<o 

in 

'S-    O 

r- 
o 

LO 

r-i    r-t 

< 

a: 
a 


o 

H 
a, 

OJ 

u 
u 

< 

U 
UJ 
•-5 

oi 


s 

w  i-l 
*^ 

«  c 

N  o 

•H 

C    C 
D-H^vOOOClOCM-q-OOTtoO     C 

t-l    •!->  CI. 

u  a> 

CO  oi 


e-O 

o 

M 

«J 

C 

3: 

« 

X 

« 

u 

in 

*j 

V) 

^ 

X 

M 

f-t 

•H 

m 

V 

c 

3: 

< 

4) 

r-t 

C 

rt 

•H 

*-» 

o 

c 

(M 

f— 4 

4> 

O      t 

w 

E 

■H    O 

u 

O  CO 

t/5   to 

r— I 
I 

tn 
to 


221 


o 

a. 

V 

y 

o        o 

o        < 

O 


5 


o 
p< 

V 

u 
u 

< 


o 
to 
o 


^ 


00    00 

\0    vO   00    CTl 

00    <N 

l-H 

<M    O   111    ^ 

•<3'    O 


ro 
O 


O  i-i 


oi  00  00  CO  t~^  r~ 


<N  O  t^   a>   O  1-1   C7> 


rt  to 

r-  to  ro  ci 

rH 

^  O  CO  irt 

to    rH 

o  a\ 

•H   o 


t^ 

oo 

rH 

to 

o^ 

r^ 

to 

fH 

1- 


vO 
00 


o  LO  o  i-H  r~  o 

C7»  0>  <N   ^  lO  O 


^D  00  to 

vO  <-l   O 


r>i         to 


O 


o 
o 


O 

o 

O 


O 
O 


o 

a, 

u 
u 

< 


cd 


o 

U 

o 

< 


o 


»4 

o 

4-) 

P. 
4> 
U 
O 

< 


o 


O 
4-> 

fX 
0) 

u 
o 

< 


o 


CT>    I-H    ^    vO 


O  to  Ol  'J^ 


r~  o 


^1 


vO  tOOOOO»HlOO  ooto 

(SI  1-1    rH    jH 


o> 


to  rH 


(N    \0   00 

iH  o>  r« 


o  o 

\0  vO 


rj-  cr>  00  •-( 


in  r^  to  rr 

to    >-4    rH 


o>  to 

to    tH 


r-- 

rH 

O    (N    O 

rl- 

to   lO 

00 

(N 

vO 

vO 

to 

tH 

lO 

kO  O  00 

CM    rH 

^  o 

iH    rH 

r- 

"S- 

1^ 

f-H 

in 

tH 

rH    CTl 

to   «N    (N    to 

in  in 

00 

(N    to 

vO   l~-    vO    lO 
to    rH    .H 

\6    rH 
rH 

o 

to 

fN 

to  to  >o 

t  in  \o 

(N 

<N 

■<t 

o 

o 

tH 

r^ 

t^    rH    \0 
<N    rH 

o  to  o 

r^    r-^    w-t 

t-- 

to 

t—f 

to 

rH 

OO    CTl 

o  in  I--  —1 

iH    to 

vO 

Cvl    .H 

to  r^  v£)  in 

in  r-j 

in 

o 


to 


in  in  in  \o  T^  CM 
•H  ■<«■  r-~  o  to  oi 

to    rH  rH    rH 


•<J-   O   fM 
vO  to   O 


00 


00 


to   00   <N 

to  Ts-  in 


r»  »H  rvi 


oN" 


to 
to 

i 

a: 
O 

Uh 


^ 


Q 


u 

W 
t— I 

l-H 


I 

to 

to 


o 

o. 


0)  &, 

e  e 

•H  rt 

f-  to 


x: 

M 
«> 

s 

*->   rH 

H 

(iT  c 

N     O 

•H 

o 
c  c 
OHooovo<NTi-oooinooinooo   c 

a)ta  rHrHrH(N|rjtOT;rvOOOOOcO 

^     ^  rHfMQ. 

CO  a: 


^ 

•* 

(4 

M 

JS 

•r( 

o 

c 

r-t 

•H 

Cd 

o\<» 

5 

<»«» 

*J 

i-t 

^ 

3: 

flj 

% 

4-> 

'^ 

B 

«k 

to 

a> 

M 

O 

E 

O 

w 

V 

4J 

l-H       (N         O 

P. 

+ 

tU  O      to  r 

4> 

•H  o   rt 

O 

x: 

jC  V3  to  2 

O 

<n 

in 

< 

< 

< 

222 


o 
o 

rf 
O 


U 

o 

0) 

u 
o 

< 


^ 


to  O)       K>  r~  o  o 


o 
•   u 


<N   to   <-t  <-l   00   0> 


O  O  (M\C00OC-400 

t-t  fN  •-'  f-(    rH 


Tt    to 

r-~  to  E- 


•^        t-i 


o 
o 

o 


u 
o 

a. 

V 

u 
u 

< 


o 


to   <N 


00  vc  o  o 


to  to  >o  vO 


to 
•  u 


f4 


f— 1 

to 

vO  •-"   t^   O   vO  LO 

^    vO 

00 

to 

• 

• 

•    •  u 

• 

• 

o 

00 

(N   vO  00   i-H   to   O 

r-  CM  H 

vO 

^ 

I-H 

»— ( 

f— (                  t— *   1— * 

^ 

•-I 

vO 


o 


to         O 

1-1  lO 


to       o 

^       o 

CM  O 


o 
o 
o 


<N  O 

<H  O 


U 
O 

V 

o 

u 

< 


o 


o 

V 

o 
o 

< 


o 


o 

4-> 
&. 

o 
o 

< 


o 


o 

Pi 
o 
u 
u 

< 


^ 


Lrt  <Ti  oc  00 


to  to        r-»  Lfi  CT>  r- 

rH    rH  fsl 


•     U 
fSI 


1^ 


00 
00 


t^   O^  ■^  00  O  LO 

(N    LO   00   O   to   CTl 


vO   to  t^ 

u^   vO   O 

LO 

o» 

<N    00    to 

•      ■      • 

• 

• 

•        •        • 

t^    rt   (N 

at 

Cvl 

00    <N   »H 

to 

rH 

.-1 

to  Cl 


CM    ri    00    rl 


a\   Ut    W)    Wi 


o 

o 

r~~ 

O 

r~. 

LO 

(N 

^ 

LO   <Ti 

to 

rH 

00 

00 

LO 

00 

o> 

00 

\o 

<N  O 

lO 

to 

f-l 

00    00 
rH    T-I 

to 

to 

^0 

00 

u 

vO 

to 

O  00   O  <N   00   vO 

rt    LO    vO 

to 

O 

t-^ 

rH 

OO    vO    CT>   rH    (SJ    00 
rH                     rH    rH 

\0    fS    O 

o 

rH 

00    (N« 

to  (N  vo  cy» 

(N    00 

rH    rH 

00  00  r^  \0 

(Nl 

00    fN 

r^  o 


rH  r~  OtO^vDCNvO  vOvOO 

lO        to        r^ooootoo^       r^rrto 


to 


LO 


o  r^  \o 

•«»•«»    LO 


CO 


to 
to 

z 

a: 

o 


Q 

< 
u 

Di 

w 

I— ( 

I— I 

< 

C3 


I 

to 
to 


X 

w 

u 

s 

0>^      tH 

0) 

«-)     rH 

C 

S    >s 

o 

H 

•H 

•« 

♦J 

a>  c 

>H 

N     O 

O 

■H 

o. 

0) 

c  c 

rH 

4)   -H    00    CTl    O 

4) 

a> 

P. 

<K     rt                   rH 

*J 

e 

e 

>H     ^ 

rt 

•H 

w 

O    4) 

o 

H 

w 

W   OS 

•«roooioooLoooo  c 

rHCMrNtO'^VDOOOO     nj 
rH    Cvl    Q. 


c 

rH 

•H 

(d 

■M> 

*(» 

5 

•^ 

4J 

rH 

4-> 

2 

rt 

^ 

^ 

•k 

C 

^ 

to 

a> 

^ 

o 

s 

o 

CO 

0) 

*-> 

rH 

<N        O 

ex, 

+ 

UJ 

O         to  <N 

«> 

•H  O    nj 

o 

u= 

x: 

to  CO  Z 

o 

w 

to 

< 

< 

< 

223 


o 
o 


o 

0) 

o 
o 

< 


00  o 
<N   tM 


o  o  o  o 


O  (N  \0   vO 


o 
00  H 


(1 
H 


O 


<7^ 


\o       CM  to  o  00  to  r^ 

T  O  >£)  Oi  <-i  '*   o 


CT»  lO   O 

CO    TJ-     i-( 


n-       .-4 


>-( 
o 


O 

CU 
0) 

o 
o 

< 


CO 

o 

H 


O)  'd- 

LO  ai  •^  vo 

en  o^ 

O    (N   LO    LO 

Tt    IT) 

vO   O 


o 


vO 

K1 

<N  (N  en  to  ■<*•  vO 

(N   O   i-l 

to 

to 

1-H 

O  LO   OO   >-l   to   CTl 

r--  rM  o 

1-1 

1-1 

o 
to 


LO 

->^ 

(Nl 


o 
o 


in 

1—1 

<N 


O 
O 

o 


(4 
o 

4> 
U 

o 

< 


^ 


O 

O. 
0) 

o 

o 

< 


^ 


O  rr  1-1  LO 


to  CT>       a>  tN  r-  a> 


o 

en  H 


CT> 

00 

to  1-1  t^  \o  r~-  vo 

o  r-  r^ 

cn 

^ 

O)  r--  o  to  TT  cTi 

r-  rvj  o 

to  o  o^ 
i-i  Lo  r^ 


LO    l/> 


rt   O  r-l  y-i 
O  fN   \0  \0 


to 

.  u 


to 

<N 

Csl  O   ^   CJ   to    lO 

■o  o  to 

o 

to 

i-<  r-~  o  1-1  (N  00 
f-i            i-i  i-i 

vO  to  o 

f-l 

C/5 


00 

to 
to 

Di 

o 

< 
I— I 

w 


1— ( 


o 
o 
o 


(Nl 


o 
o 

CM 


o 

•M 

o 
o 
o 

< 


o 


o 

V 

o 
o 

< 


^ 


en  to 

<N   (N 


vO   <N  \0   00 


o  to  to  rr 

<N 


LO 

•  u 

to  H 


00 

•^ 

t^    LO    rH    I-I    to    to 

m  Oi  rt 

00 

to 
to 

f-l 

o  NO  o>  1-1  to  cn 

1—1                     *H    1— 1 

t-~  cs  o 

1-1 

f^    t-l   <M    <N 


vo  to       tt  Tj-  r~~  \o 

>-l    CM  fN 


LO 

•  u 
1^  H 


00  lO    LO    to    rH    to    t^ 

t       en  LO  00  tN  LO  -H 


to  LO   «* 

(Ji  ^   y-l 


fN 


CT>  o  r^ 
to  o  o 


NO 


X 

w 

fl) 

S 

o\">     fi 

0) 

4J    t-H 

C 

a  X 

o 

H 

•H 

A 

4-> 

U    C 

(H 

N     O 

o 

■H 

D- 

00  -o 

V 

c  c 

rH 

O    -rH 

4> 

«> 

a, 

<U    rt 

4-> 

B 

^1      *-! 

rt 

■H 

TO 

o  o 

o 

H 

W 

w  a: 

oOO^OrslTTOooiOOOLOOOO    c 

r-lrHrH<N'MtO'*vDOOOO      Cd 
rH    <N    a. 


4-> 

» 

k 

•» 

.S 

■H 

" 

in 

-e 

t-< 

••-( 

# 

< 

4J 

I-i 

4-> 

3 

nJ 

3c 

4-> 

1 

C 

i« 

to 

4) 

v< 

o 

E 

o 

to 

<u 

♦J 

f-l 

(N       O 

a, 

+ 

UJ 

O     to   rsi 

(U 

•H  o   rt 

o 

x 

x: 

fi  Vi   "Z 

o 

(A 

tn 

< 

< 

< 

Q 


< 


I 
to 

to 


224 


u 
o 

& 

u 
00        o         u 

.-<       o       < 

CN  O 

fH 

R) 

o 


LO  r-  in  r~ 


l>0   i-H  <N 


fS 

o^ 

to 

lO  O  vO  O  to  c> 

p-j  r-  CT> 

o> 

CT> 

o  LT)  r-  o  <N  00 

1-1                       i-H    i-< 

1^   <N   o 

o 

to 

o 
to 
o 

CM 


o 
o 

CM 


o 
o 

o 


o 
o 


^1 
o 

o 
o 
o 

< 


& 


u 
o 

0) 

o 
u 

< 


o 


o 

o 
u 
u 

< 


o 

H 


o 

V 

o 
o 

< 


4-1 


o 

o 
o 
< 


4-> 

o 


LO  o 

00  a>  Lo  LO 

to  00 

to    1-H 

00    to    lO   lO 
i-H 

00 


©■^lOt^OO"-!  LO»-(rO 


00 

t-l 
in 


\0 

00 


vO  O 
to   (N 


o  in  o  o 

O  CN   lO  to 


to  CT)   O  >-H   lO  fM  lO 

\0       a>  r~  o  o  tN  CT> 


Tl-   00   Ol 

r-  (N  o 


00 


<M   00   Tf 

a>  to  m 


00  o 
CM   <N 


m  \0  x^  •-< 


O    C-J    t^    LO 


LO  H 


(SI        in        Tj-ooi^iniNLO        LOv£) 

.          ......          .     .   ti 

>0        t^        o^OooocNOO        vor-jf— 
1-1        .-1        t-i              r-i  i-i 

in 

vO 

■«9- 

00 

t-i 

o<N        t^tooCTi             rMO>             oi 

Lor^        O'^i'vo^o            i-~o            o 

(M   ft  CSJ 


O  vO   <N   t^    00   O   vO 

in       o  r~-  c>  i-H  ■^  CT> 


to  r^  t^ 


vC 


1-^    CN    O  <-l  <N 

LO  tH 


00   00 
(N    1-1 


o  o  o  o 

(N   »*   v£)  vO 


O 
•    t-i 


U 


^  \0 


^   O  vO  t~~   LO   TT 
CT>  t^   O)  f-H  to  O 


o  ■>*  o 

I-H 

O  O^  1-1 
\0  Tf  o» 

00   to  1-H 

00   rH    <-( 

<».• 


vO 


4-t 
O 


(U 
0) 


CQ 

to 

2 

o 

IX, 

< 

1—1 
a: 
u 


Q 


U 

Di 
U 

t— I 


I 
lO 
lO 


•^ 

H 


.e 

(A 

V 

s 

<(P  ^1 

4) 

4->   •-( 

C 

3    X 

o 

^i- 

•  H 

4-> 

«r  c 

M 

N     O 

O 

•H 

CU 

C/2   T3 

0) 

c  c 

1—1 

<U    -H 

0) 

t> 

sx 

OJ    <fl 

4-> 

e 

E 

^1  ^ 

a 

•H 

rt 

U     4) 

o 

H 

i/t 

cn  a: 

(A 


g     13 


.^.o 


H   00   (Tt   O 


(Ni^oooLocoLOOOo   C 

i-lr-tr>ICNtOrfvOOOOO    CO 
iH    CN   CU 


•* 

c 

», 

to 

a> 

u 

o 

B 

o 

w 

<u 

♦J 

,-(        (N       O 

o. 

♦ 

UJ  O      to    (N 

a> 

•H   O     CO 

'J 

x: 

.C  W  V5  2 

o 

(fl 

to 

< 

< 

•< 

225 


u 
o 

4-1 

(X 

<u 

o 

o       o        y 

CM         o         < 

*^       •«* 

CM  O 

i-H 

CD 
•M 
O 
H 


<M   vO    --I    'J- 


ro  K)  r-  Lo 


I- 


t-- 

Irt 

\D  t^   vO  t-^  00  ro 

■<*  to  to 

tT 

rr 

O  vO  00  O  (N   <7> 

t~~    to    .-H 

TT 
•«1- 

to 

1— « 

o 
o 
o 


o 

o 

o 


o 

4-> 

a. 
u 
o 
o 

< 


o 

H 


u 
o 
♦J 
p. 
«) 
o 
o 
< 


CD 

O 

H 


O 

v> 

o 
o 
< 


o 


rt  r^ 

LO   CO    (M    O 

O  CO 
to    r-l 

o  to  r--  vo 

CM 

o 
•o 


1^  to    rt    (N   i-H   <M    .-I 

1-       1-1  vo  00  o  to  o> 


■*    l-H    fSI 
t^    'O-    tM 


to    rH    00    O 


00    <-!  (N    ^    LO    Irt 


00 

to 

O   CTl   to  t-^   i-H    vO 

'S-   00   1-1 

CO 

o 

I^ 

^    vO   O^  »-l   tT    vO 

•O  i-l    O 

t-i 

LO   Tt    lO 

o  to  •^ 


CM  r^  00  to 


o>  00        t^  ••^  r^  vo 

CM    rH  i-t 


u 


00        to       lOfNrrvOi-it^        or-r- 
•H        Tj-        >-(r-~crit-itooo        r--tOrH 


O  lO 

to  fH 


\0 
O 

in 
+J 

0) 
CO 


to 
to 

o 

< 

l-H 

OS 

u 


o 
o 
o 


o 
o 

(N 


u 
o 
♦-> 

Ph 

(J 
o 

< 


o 
H 


o 

<l> 
o 
o 

< 


^ 


o  to  to  to 


LO  t^       r^  Tt  to  to 

to  1-1  i-i 


o 


u 


f^ 

to 

r-l    to    «N    to    CTi    VO 

00    LO    to 

rH 

rH 

to 

•-I    vO   00   O  <N   00 

vD  to  O 

LO 

rH 

tT'S-        tor--LOLo  ioo» 

'     •     1  •     • 

oor~        CTitoiOLo  o^o 

(N    rH            rH  rH 


t~^         to  ri-  o^  to  o  o 

LO  CT>    \0    00    rH    to    O 


Cl   rr    LO 

h-    to    rH 


rH 


o 


to  r^  <M 

t^    O^   (N 


<K> 


Q 
W 

a: 


u 

m 
I— i 

H-l 

< 


I 

to 
to 

o 

l-H 


0) 
4-> 

Q 


(A 

<U 

*->   rH 

C        S:    >s 
O  H 


O 


a, 

e 

to 


00  -a 

c  c 
D-HoooiofNTtoooinooLOOoo   c 

(UnJ  rHrHrH(NJ(S4tO'«*vOOOOOaJ 

>H    <->  rH    (N    CU 

O     <U 

to  Oi 


^ 

•k 

s 

in 

6 

•H 

c 

rH 

•H 

s 

<»P 

< 

<»J> 

+J 

rH 

*-> 

s 

rt 

2 

v> 

« 

c 

« 

to 

V 

u 

o 

e 

o 

w 

0) 

4J 

•-I      <N        O 

ex 

+ 

tU   O       to    (N 

V 

•H  o    rt 

o 

JC 

4=  C/3  W  Z 

o 

w 

V) 

< 

< 

<: 

226 


<i-i  to 


r* 

t-l 

♦J 

^ 

(M 

o 

CM 

«-< 

H 

vO 

t-t  CM  lO 

(N 

rH    .-t    to    Tf    C>    0> 

00  r^  CM 

to 

o 

^  00  ^ 

•        ••••• 

•    •    • 

• 

• 

•        •        • 

•n 

O  1^  0»  fi  K»  o> 

r»  to  •-< 

in 

m 

^    fH    r-4 

CM 


O 

o 
o 


o 


<N 


o 

o 

CM 


o 

P. 
V 

u 
u 

< 


4-* 

o 


o 

4> 
U 
U 

< 


o 


»H  00 


O  O  fM  ro 


O^  0\        to  ^  in  rf 


O^ 

to 

to  o  Tj-  (N  lo  a> 

to  \0  so 

CM 

* 

• 

•    •••«• 

•      «      • 

• 

m 

LO 

0»  vO  00  •-<  to  Oi 

r--  tN  o 

r^ 

1-1 

«-( 

tH    t-4 

Tf 

to 


LO    00 

to   00    i-H    O 

•         • 

•        •        •        • 

O  CM 

00   to   ^0   lO 

to   <N 

r-l 

r^  in 

CM  o 


vO  t-^  r^OOCMTtOOr-l  00tOf-( 


t^ 

^ 


CM 


o 

vO 
4-> 

a; 

CO 


oa 
to 
to 

•z 

Qi 

o 

PL. 

< 

I— I 
Di 
PJ 
H 


»4 

o 

«J 

Cs| 

t>^ 

f^ 

CM 

o 

yO 

LO 

p< 

• 

• 

• 

• 

• 

• 

• 

(H 

M 

0) 

00 

en 

en 

■^ 

c- 

in 

in  H 

H 

o 

CM 

1-1 

r-t 

<H 

u 

< 

o 

O 

Csl 

to 

CM 

CM 

1-1 

r-t 

to 

a»  cTi  t^ 

(0 

in 

vO 

CJ 

^ 

00  »-< 

vO  to 

OO 

to    Tf 

00 

LO 

00  t^    C7> 

4J 

• 

• 

• 

• 

•    • 

•             • 

• 

*              • 

• 

• 

•       •       « 

O 

to 

to 

rH 

t^ 

en  i-< 

Tj-  a\ 

SO 

CM   O 

r-. 

Tf 

^    r-<    r-1 

H 

fH 

1-1 

r-i 

1—1 

iH 

■^ 

1-1 

1-1 

CQ 


U 

PJ 

I— I 

PL, 
(—1 


I 

to 
to 


.(3 

M 

« 

s 

<K>    f4 

4) 

♦J    r-t 

C 

»  X 

o 

H 

•H 

«^ 

•P 

4)   C 

(h 

N    O 

O 

•H 

a. 

^■s 

V 

c  c 

i-t 

0)   -H 

<u 

a> 

a. 

a>  rt 

4-> 

e 

£ 

fH      4J 

(0 

•H 

CtJ 

o  <u 

Q 

H 

W5 

t/3   OJ 

HOOO^OCMTj-OOOlOOOLOOOO     C 
i-(i-lt-<CMCMt0';t\000OO    rt 

1-1  CM  a. 


u 

^ 

cd 

</) 

^ 

•H 

u 

to 

a 

1-1 

•H 

cd 

#Ji.O 

o\<» 

< 

Ov* 

■M 

rH 

4J 

IS 

rt 

Se 

+J 

•• 

c 

•% 

to 

a> 

Kh 

o 

£ 

O 

CO 

a> 

♦-» 

1-t 

CM         O 

cx 

+ 

u 

O     to   rg 

(1> 

•H  o   rt 

o 

x: 

x: 

en  CO  z 

o 

w 

</) 

< 

< 

< 

J3 


227 


O    to 

O 

f .    vO   C5    !■-    to 

rf   O 

C)    CM 

1 

o 

^.  ^. 

k 

>-' 

H  H  '-  •  'H  r-j  ,o  cr. 

00     r-t 

O    lO 

l\ 

n 

rH     T^      -H     rsl 

\0 

CTi 

fNI 

O   (N 

to 

t— I 

O 

LO    ^  00   r-    O    rt 

lO  o 

fNJ 

LO    \0 

~^ 

-H 

O     r— 1     t~^     lO     -st     O 

00    rH 

o 

o  r- 

O 
LO 

o 

o 
c 

f^    —\    ID 
to  to  .-'  Oi  t--   o   o 

O    T-l    Ci    rj    LO    O    r-t 

00 
CM  rsi  c   '^  r^  1-,  CO 

O    O   •—   »— I   OC    re    CT) 

LO    CnI 

0.38 

6.58                     2 

rvj 

r^i 

I— 1    to    <— 1    (N 

vO 

(Nl 

r-i 

t-H 

CM    LO 

(N 

o 
o 

•>a-    t-H    C30      O    .-1 

vO   (Ti 

to 

to   vO 

so 

t-     •^   T-"    lO    C^ 

r--  o 

o 

O    LO 

O 

tH     -t^f     r^     (NJ 

\£) 

rj 

o 

r-i  t^  o  o  Oi  r-- 

1^, 

1 

•— ( 

o  r-i  (7)  to  'J  r-i 

i\ 

ri 

rH    -rl-     — (    Cvl 

to 

CO  t~^ 

I— 1 

in 

T-i  r-   -^  .-(  o^  00 

o  cri 

to 

rH    to 

T-H 

1—1 

J-i 

^~-. 

to 

H    O    t^.    CM    O    fO    CTl 

CO  o 

o 

O    LO 

A 

LO 

o 

o 
o 

a-. 

(N)  to  to 

o  rsi  TT  00  vc  oo  vo 

r-i  o  f   o  t-  to  r-i 
'M  to  r-i  ri 

(N    OC    00    O    O    CNI 
O    Tt    «-H    00    CT)    LO 

(M  to        ra 

0%   CO 

CTi    O 
\0 

00 

1        0.20 

1      23.94                   2, 

O 

o 

T/    .-•    \0    OO    to 

LO    00 

C-1 

ri  (N 

"—1 

o 

Jh 

^^ 

f— I 

H  1-'"   (^J  -^  o  r^ 

00  o 

o 

o  n- 

V 

o 
to 

o 

t~j 

•H 

CO 

c 

0) 
1— 1 

r\i  ro  >-H  rj 

r^  t^  o  r-  o  CTi 

^1 

f—  O  f.  --I  r-^  r  -   o 
rj   to   — t   (N 

O    O    !0 

00  LO  o  o  r  J 

•^     VO    '-H    fvj     to 
LO                                                       LO 

to   X  X  X  X  X   rsi 

+                              to 
lO  OC.  -.rt  o  c.'     1 

•H 

to 

1— ( 

C 
< 

o 
■p 

rt 

vO 

CM 

<u 

X 

to    rs-    O    O    C) 

E 

X 

o 

<D 

(P 

H 

r-i     (■    1 

•H 

V) 

4-> 

B 

u 

♦-> 

u  a:  ^  1 

LO    < 

03 

•H 

o 

1— ( 

Q 

H 

CO 

:d 

O 


+-> 

o 
CO 


03 

to 
to 

z 

OS 

OS 
O 

w 
z 

o 
■-J 
u 

>< 
u 


t- 
X 
U 

o 

OS 

< 

a: 

a: 

u 

l-H 

I— I 


00 

I— I 

I 

to 
to 


228 


vO 


LO 

vO 

,-( 

o 

■-o 

oc 

r-i 

^ 

. 

• 

. 

•rf 

H 

o 

r. 

0-. 

CO 

LO 

O 

r-( 

■vC' 

00    00 

o 

vr 

vO 

■>* 

a> 

LO 

00 

00 

CM    O 

ro 

J-    f-i 

• 

. 

O 

f-  H 

o 

in 

rj 

t^ 

to 

oo 

o 

O    LO 

r^a 

(M 

vO 

\C 

O 

CM 

r-~  LO 

o 

CT) 

r-- 

00 

o 

»— i 

\0 

ri 

to 

rvi  -H 

o 

M 

. 

• 

• 

. 

r^i 

H 

.— ( 

m 

O^ 

CnI 

<■  J 

r-- 

I— J 

o 

O    LO 

'-t 

'-I 

to 

1—4 

to 

■vC 

(N 

O 

.-H 

r-i 

o 

I--J 

ir 

O 

^ 

• 

. 

. 

. 

ro 

t— 

1— t 

O 

0-. 

■3-. 

cr. 

O 

-H 

fsi 

■* 

vO  (N 

O 

1 — 1 

o 

Cr. 

lO 

<— 1 

■^ 

C30 

rj  to 

O 

^ 

• 

. 

. 

O 

H 

*—) 

>— ( 

o 

to 

to 

CO 

o 

O    LO 

rvj 

T-t 

■^ 

t— I 

to 

vO 

LO 

rsi 
rj  rsi 

o 

<NI 

-^ 

CTi 

ro 

Oi 

r-i 

to 

(T> 

to 

'-I  i~^ 

to 

• 

• 

. 

• 

. 

o 
to 

o 


LO  O 

r-(  r-l 

rg        rN 


O 
o 
o 

CM 


o 

LO 

o 


o 

-si- 

o 


o  to  oo  Ol  rt  to 

r-H     to     r— t    (Nl 


r^  r-l  >£)  \D 

U       '      •      • 

H  >-•  'O  ri  c 

rH     LC  to 


r-l    r-l     O    O    C. 


H  '-•  --I  r~~  •o  ^a- 
T-H  r^  — I  (Ni 


rsi  ( -  «:;r  to  -^ 


t— •  T-H  m  t-i  LO  rsi 
rr  .-(  to 


vD  lO  rt   O   lO 


H  »-i  <— t  o  t-^  (Ti 

•-t    -"^    rH    rsi 


LO  \o  00  n-  r^ 


O  10  lO  rsj  t• 
r^  LO  r- 


rsi  o  o  o  1— I 


to 

Tt  to 

to 

o 

to 

rsj  to 

LO 

T-< 

o 

O    rj- 

\C 

rj 
rsi  o 

^ 

(T> 

rj  i-t 

• 

• 

• 

oo 

o 

O    TJ- 

o 

rsi 

t— 1 

LO   o 

o 

a> 

to 

rg  t-i 

0-. 

o 

o 

O    LO 

vC 

rsi 

o 
rvi 


PQ 

to 
to 

z 

oi 

a: 
o 

u. 

PL) 

2 

o 

u 
>- 
u 

X 

w 
o 

U 

Di 

m 
I— I 

tL, 
(— I 

< 


03 
Q 


E 

•H 


+J 

•>    (/"J  O    O    LO 

<D     (U  00    i-O    O   O   fsl 

tJ  ;5%        -^  sc  <— I  rj  to 

•H  lT  LO 

CO     J-itOXXXXXCsl 

(U    +  to 

C    •— t  iT)    CO    UT    O    O      I 

ox  to    -Tt    vT)   O    O 

0)  H  r-l  rsi 

o 

CO 


>. 

t— 1 

RJ 

c 

< 

<u 

+-> 

rt 

t= 

x: 

•H 

ir> 

+-> 

u 

X 

z 

CO 

< 

to 
to 


J3 


229 


fM  O 


O   '-■■>    t^    -J^-    00 

u 

r-'   •— I   i.J   OO   r^    rt 
f-J    tH    "^ 


rsi 


Oi  00  oo  r-o  csi 

^H        Jh 

f—  H  <-<  "^J-  to  "^  in 
•-<  "*  .-I  n 


I— <   O  I— I 

00    LT)    to    to    (Nl 
lO    rH    O    O    CM 


O 


<y> 


I 


CO 


i-H 


o 


o 


<N 


O 

to 


O 

o 
to 
o 


o 
o 
en 


lO 
fN 


o 

LO 
CM 

O 


o 
to 

Ci 


o 


>— •  00   C^  T-H   vO   lO 
O  i-H   to   (M    T}-   1^ 

>■■•  rr  i-(  (N 


t^   ro  (Nj  vo  to 
^-1 

H    t-(    rH    rH    lO    O 
'-'    TJ-    r-l    to 

00  o  cr>  to  c?) 

H    f-    rH    -rC    to    LO    "I-' 
»-<    ■^    tH    (N 

CN  t^  lo  r^  r^  o 
o  t-i  ri  to  Tf  t-^ 

fH    rj-    r-l    (N 

_    LO  in  "?!■  oi  00 
u 

H  »-t  to  r^  Tf  (N 

<-H    »*    t-H    Csl 

'— I  CTi  CI  vo  to  rj 

>H  • 

h-   O  rH  x-f   rf  •^  '^f 

•■H    ^    t-H    (N 

f^l   to    rt    O   00    to 
}-i 

F"'  o  t-i  rj  t->,  r^  ^ 

"-I    "^    r-<    (N 

to  \o  T3-  vo  r^ 

O    to    to    CD   (N 

tH      VO      T-( 

rH   rf    O   LO   O 
f-l 

H  T-i  cr>  o  o^  o 

to  LO 

to    to    vO   r-H   t-^ 

!-> 

H   'H    r;    OO   LO   (N 

l-<     to    r-l    to 


to  o  o 

f^   O^   to   rf   O 

00    O   O   O   LO 


t-l   to   rl- 
"*   <7>   to   CM  00 

00   O   O   O  to 


00 

T-( 

00  to 
to   <Ti 

• 

• 

• 

^0 

rg 

O  to 

LO 

00 

oo 

CM 

LO   to 

O 

o 

o  r- 

to 

O^ 

to  to 

M3 

O 

O   T3- 

LO 

CTi 

to 

»— 1   OO 

1^ 

O 

O 

O  Tf 

■M 


to 

o 
to 
+J 

(D 
<0 
A 
CO 


CQ 

to 

to 

OS 

O 

W 
2 
O 

u 


X 
OS 

o 

oi 


< 


00 

I— ( 
I 

to 
to 


o 

CO 

a 


t-J  s:* 

•H 


c 
(1> 

0) 

u 
o 
CO 


c:  o  LO 

oo  LO    O  O    fNl 

s;       '^  \£)  1— I  csi  t^, 

.      ^  lO 

f-  "^  X  X  >^  X  X  rj 
a>  +  to 

•-•  LO  00    LO  o    O      I 

.'^       to  rr  vo  o  o 

H  »-H  rsi 


•H 

to 

>s 

I— I 

C8 
C 
< 


03 


+->  U 


i?.  CO  < 


ctf 


230 


r« 

t^ 

r~- 

to 

00 

N 

r-l 

t— * 

CM 

>o 

\0 

CkI 

CM 

■* 

f 

to 

a> 

»-H 

(M 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

V» 

l-t 

C^ 

to 

to 

o 

f—i 

O 

t— ( 

'S- 

r- 

rr 

CM 

W 

in 

^ 

t^ 

r-4 

00 

CM 

o 

to 

•-H 

o 

Ci 

•H 

CM 

00 

to 

00 

CM 

o 

CM 

in 

^ 

■«»• 

o 

in 

CM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

CM 

t-H 

to 

CM 

o 

r~1 

O 

o 

CM 

t^ 

o> 

»-H 

N 

00 

t— « 

r^ 

r-t 

to 

CM 

*— < 

00 

o 

O 

O 

to 

in 

t^ 

in 

to 

•— ( 

C4 

t^ 

vO 

^ 

o 

in 

CM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

•• 

• 

• 

V, 

»H 

CM 

in 

o 

o 

t-( 

O 

o 

^ 

00 

00 

•-H 

«M 

to 

rr 

r- 

00 

in 

CM 

l-t 

o 

■<» 

Oi 

vO 

00 

vf> 

o> 

o 

CM 

r^ 

t-H 

in 

c- 

C^ 

fH 

tl 

• 

• 

• 

• 

• 

• 

• 

• 

■v^ 

H 

r-l 

Cvl 

in 

in 

f— I 

o 

o 

vO 

o 

c~ 

rH 

CM 

^0 

to 

vO 

o\ 

00 

CM 

in 

CM 

in 

c- 

00 

o> 

00 

to 

CM 

CM 

CM 

00 

1-H 

to 

o 

Oi 

iH 

U 

• 

• 

• 

• 

• 

• 

• 

* 

' 

•*^ 

H 

^ 

cr> 

in 

o> 

f-^ 

o 

o 

to 

O^ 

Ol 

T-H 

«M 

00 

>o 

to 

o» 

»-H 

00 

<T> 

r~ 

l>» 

o> 

lO 

vO 

m 

CM 

r>i 

00 

I-l 

Oi 

to 

y—t 

rH 

• 

» 

• 

• 

• 

• 

• 

• 

• 

• 

• 

^^ 

t>» 

o 

t-H 

O) 

f— f 

o 

o 

to 

r- 

o 

CM 

CM 

Ot 

>o 

CM 

in 

CM 

CM 

t-H 
f-H 

00 

vO 

Tt 

vO 

C4 

00 

to 

o 

to 

t~- 

00 

in 

■-I 

^ 

* 

• 

• 

• 

• 

• 

• 

• 

*>. 

CM 

r^ 

H 

CM 

»— t 

o 

t-< 

Tt 

O 

o 

rH 

<M 

f-H 

00 

t^ 

o 

•<t 

CM 

CM 
C- 

rH 

in 

1^ 

in 

to 

CM 

in 

to 

vO 

to 

t-- 

\0 

r- 

■* 

CM 

t-> 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

>v» 

CM 

a> 

00 

CT> 

CM 

o 

o 

to 

o 

00 

r-i 

<>l  ■ 

f-i 

t~. 

vO 

vO 

'S- 

rM 

CM 

CM 

\0 

o 

CTl 

<» 

vO 

<y> 

in 

O) 

o> 

CM 

00 

^ 

a> 

00 

CM 

<H 

• 

• 

• 

• 

■ 

• 

• 

■ 

• 

" 

•««» 

O 

vO 

CM 

to 

t-4 

o 

o 

to 

in 

CT» 

CM 

tM 

Oi 

M3 

^ 

y—i 

CM 
CM 

Cvl 

rf 

CM 

to 

r- 

to 

O 

to 

CM 

00 

\0 

vO 

Gi 

CM 

fH 

Ki 

• 

• 

• 

• 

• 

• 

• 

• 

"»v 

H  00 

r-l 

r^ 

f-H 

o 

o 

•* 

in 

00 

CM 

r* 

00 

t-t 

vO 

r~ 

m 

CM 

CM 

-o 

m 

«M 

o 

o 

O 

O 

o^ 

CM 

o\ 

r^ 

CT> 

o 

ch 

i-t 

U 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

*>. 

H  t-*  <7» 

•* 

t-- 

o 

o 

o 

m 

CM 

CT> 

^-1 

«M 

rH 

r- 

o 

o 

o 

CM 
CM 

CM 

o 

f-H 

00 

•H 

lO 

•-H 

to 

r- 

r^ 

C7> 

to 

C^l 

f-l 

r-. 

eg 

r^ 

rH 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

♦ 

O 

Tt 

o 

"S- 

^ 

o 

o 

t— ( 

r-- 

t-- 

t-H 

rH 

<M 

1-H 

r^ 

•-) 

vO 

CM 

t-H 

r-t 

XT 

T 

Tf 

a> 

CJ 

r- 

CO 

O 

LO 

•* 

to 

CO 

r~ 

r- 

CM 

o 

vO 

•-H 

^ 

t^ 

iH 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

"^ 

CM 

CM 

00 

o 

00 

o 

o 

i-H 

in 

00 

o> 

r-t 

(M 

to 

m 

m 

CM 

f-H 

to 
to 

z 

i 

cm 
o 
b 

CO 

w 

l-H 
I/) 

o 

a. 

i 
u 

O) 

Q 
I— I 

rJ 

o 

C/3 
on 

m 
o 

H 

i: 
u 
z 

w 

cy 

o: 
w 
1—1 

[X, 
hH 

CO 
< 


o> 


to 
to 


^ 

M 
>> 

•% 

rH 

«»f» 

M 

•H 

C 

4-> 

M 

< 

% 

>s 

X 

w'-* 

rM 

«  in 

o  in 

rt 

oi 

V  a> 

O   CnI 

C 

u 

N  s 

rH    to 

< 

c 

•H 

m 

to 

W 

«> 

w   ^ 

vO 

X  X 

CM 

0) 

s 

0) 

+ 

to 

4-< 

rH 

4) 

C    rH 

in  o 

1 

nJ 

0) 

>-t 

CM        O 

4)    >s 

vO  o 

£ 

4-> 

x: 

W 

O       to     CM 

1) 

a>  H 

rH 

•H 

O 

VO 

•H  o   rt 

4-> 

)h 

♦->  u 

X  Z  H 

< 

J= 

to  V)  z 

0] 

u 

rH 

w 

a 

tn 

3 

< 

I-l 


231 


<J>  "-I    rJ-    O   O   O   CTl 


0»    >0    00     rH    O    I— I    <N 
<-!    fN    rH    rO 


o^  *— *  sO  vD  r^  o 

vD  T-i  c  r-~  o  in 


in  o  o  o  >-(  -g- 


I^00^—lr}■L0^£>O00^O 


(NtNr-tOOrtOOvOfSIO 


o 

CM 


c^  00  00  r-  o  r-~  o 


\0  rj-  vO  CT>  oi  Tj-  oo 


(^  W  to  TT  <-(  .-H 
t-H  t-(  O  \D  •*  (Nl 


vO  O  O  O  i-t  rr 


•-itOOOvOvOOi-nrotOr^ 


oro.-(Loinoot--Nio 


O  O  (NI  00  <N  00  o 


CTl  vO  00  O  O  —'  T3- 
•-I  CM  1-1  to 


vO  O  in  O  (N  h» 

OO  i-H  LO  >-H  VD  to 


m  O  O  rH  r-(  lO 


■^rsiTj-oor~-t-iot-~r- 


orrr-ir^T3-.-(or~-(MO 
rsi      in 


<N    o 

o    < 


-<   < 


to 


O 

to 


CM 

1—1 

^^ 
(M 


o 

<M 

to 

o 

iH 

i-t 

^. 

rj 

o 

o 

to 

o 

o 

o 

•-• 

<N 

"N^ 

vO 

fM 

o 

tM  00  vO  in  00  CTl  (SI 


r--  to  m  r^  in  o  <7> 


in  o  \0  00  (N  'S-  in 


o»  to  r^  oi  o  r-t  vo 

<M  fsi  (N 


r^  »-<  to  in  to  <N  cT) 


rf  CM  to  t  o  to  .-1 

i-H  f-(  vO 


to  O  in  tN  t^  i-(  (M 

O  -H  •-(  CN  Tj-  vO  rr 

00 


in  n-  00  o  in  CT>  CTi 


00  \0  00  rH  O  00  in 

1-1  r-i  i-H  tsi 


to  o  c-i  v£)  i-(  o  r- 


o  1— (  (M  •— I  r-H  oi  00 
to    •-!  to 


00  ^  to  to  O  rj-  00 

ci  "*  \o  00  in  fN  to 

»H  rH  Tj- 


Tt  1-1  c  o  o  o  o 


>— '  **  00  ^  \0  TI-  1— I 
»-l  <N  t-(  to 


«*  t>-  ^  rH  to  tN  00 


t^  i-l  00  to  O  00 

in  1-1  o  rr  in  cn 


vO 

o 

o 

CN 

rj 

in 

O 

to 

to 
to 

o 

'a- 
to 

00 

to 

\0 

o 

o 

r-i 

(Nl 

to 

to 

00 

o 

o 
•5f 

00 

o 

o 

1 

(N 

(M 
C7) 

i-i  Tt  vo  i-<  \o  in 

<-l  i-t  O  00  00  00 


CM  O  O  1—1  1—1  00 
<-i  00 


a>  i-i  in  1-1  in  in 
to  l-^  o  o  r-^  i-< 


in  o  o  1-1  1-1  TT 
en 


a>  w  CT>  to  •q-  in 

'S-  (Nl  C  00  o  to 


r-»  o  o  1— I  to  (N 


O  O  ^  O  <M  (Nl 
<7i  ":»■  O  Tf  TT  ^ 


^  O  O  rH  (N  to 

en 


1— (  r^  ^  1— I  r^  o 
o  1-1  o  (71  o  in 


o  o  o  o  r-^  to 


r^  «3-  'S-  in  ('•J  in 

00  "^  O  00  (Nl  OO 


•— ( 

d  ^ 

(N  m 

^ 

-3- 
00 

•<* 

o  o 

1—1 

"a-  in 

Tl- 

to    CM 

in  r- 

f 

uo 

to 

1— ( 

(Nl    O 

vO   to 

00    rH 

1—1 

rt  00 

i-<    (N 
-<    <M 

to 
1— t 

to 

>o 

o  o 

1 

(N    to 

0>i-(0000>-(CM.-ltOI^ 
— (sCTTOCTirfi-it-itOCO 

vovOi-tininooootoo 
>-i  in 


^vOvOCTioor^r--{Nr^ 
0(Mi-iotor^or^(7> 


oovOi— (r^inoor-~(Nio 
•-4  in 


(NinOrHi— (^^(NTttOOO 

r^ooin(Nitoooi-ioooin 


inini-(rj-r^ooo>too 
1-1  in 


ooooi— icTitoorHOvOin 

•-l'3-tJ-r^(Nrs)r-ltOOCM 


rrini-ioic»3i-ioai"!fo 


vDi-ioo(Nior-~in(Nii-i 
•-ir^toto(TiooOi-iin 


CMr;ri-lvOTfOOr~(NO 

(N  in 


r-^inr^to\0(Nii-((Mi-i\o 
ooTr^o(Ni-ii-trH'^foocNi 

Trooi-i(Ncoi-(Ocyitoo 

.-t  LO 


inr-(T-i.-(Trvoinoo(M 
torrvO'j-vooo'^vo 


■-i\Oi-t\Oin>-ioinrMO 
(N  in 


vOOrt'tihoo's-torM 
in(7ioot-(oo^O'>d-to 


tOfMt-lr-(inOOO(NO 
fM  in  rH 


in(Ntotoi-(<»i-itOT)-in 
voa>ooin>ocni-ir^to(N 


rroi-ii-ir^ooootoo 
1-1  1-1       in 


vot^i— ((Nior>-inoooo 

tOvOvO^OtMOlOvO'S- 


(Nini-t^inoot^cMH 
(N  m 


<4H 

o 


0) 
CO 


to 
to 

Di 

O 
a, 

cti 
O 

u 
u 
u 
< 

Q 

I— I 
oi 
E- 

< 

Q 

< 

X 

< 


o 

I 

to 
to 


0) 

•H 


3: 

j; 

^H 

•  in 

o  o  in 

ea 

V    V 

00 

in 

O   O    (M 

c 

N  s 

^ 

vC" 

1-1  (Nj  to 

< 

•H       in 

in 

CO    M  to 

X 

X 

XXX 

rj 

a> 

4)   + 

to 

4_» 

M 

C    -H 

in 

00 

in  o  o 

1 

rt 

(U 

<u   X 

to 

•^ 

o  o  o 

e 

U. 

<t>  f- 

1-1    (N 

u. 

L< 

4->   1 

o 

O 

to 

3>    rH    CO 


U-l 


4->  U  I  2  CO  W 


^ 

% 


in 
5 


c 
o 

E 

1)  to  to 

•-t        (NJ  O  u^Q     Q         ^ 

W  O     to  r-io  O  O  O    (M  r^lO 
•H  O    «J    ta    bO    (Nl  (Nii-i    0)  .H 

x:cnv3zu2i<:p-<u,t-i 

V) 

< 


in 
o 

I 

o 


a 


-S 
E- 


232 


<M 


t-t  00 


o 

CM 


ir>  O  <M  0>  00  O  n£> 


00  in  t^  o»  r^  C7>  <N 

<M  rH     CM 


^  0>  '^  ^O  CM  Tt  CM 


M  CM  •<a-  vo  to  a>  o 
1-4       fH   in 


i/i  in  '3-  00  to  in 

o  T-i  o  in  vo  ^£> 


in  o  o  o  o  Tj- 

-H  00 


t-l  so  o 
m  (N  t-H  .-(  in  h* 

00  O  O  •-•  CM  o 


ro<Mtn''j-«-iooTr^vO 
oor^ini^inKiot^fM 

<Mf-HO'«*tOOOTfCMO 


ot^ooinoototnr-in^ 
mr^<Nto>-'fo«-ifMt')0^ 

o»ini-H\Oinooootoo 
rH  in 


CO 


O  00  <N  .H  Tt  o  vO 

r-  m  r--  o>  r^  >-<  CM 


\o  vo  r^  ^  >o  vo 

CM  <N  o  Csl  \o  r^ 
r^  o  o  o  •-<  to 

C7» 


oo^r-toior^i^«-«vO 
ooTftoo»Hoooini^ 

CT>^.-iooinoor^(MO 


CM 

CM 


O 

»o 
o> 
o 


•H     « 


O 
<M 


O 

to 
a> 

o 


r-l  1-H  to  ^  0%  •-< 
^t 

t-  O  O  O  '-''-<  vO 


\o  CO  o  J~-  ^  in  o 


\0  \0  0>  »-H  O  r-l  Tj- 
rH        t-t  <M  »-H  <M 


to  04  r^  00  \0  o  00 


o  t-i  CM  r^  >-H  t^  00 

f-t  1-t     T-i     Tt 


o  vo  to  »-i  in  o 

to  .-(  o  00  CO  00 


r^  o  o  "-I  to  ^ 

<7> 


o  rH  CT>  o%  in  VO 

to  <M  O  sO  O  >0 
sO  O  O  O  rH  to 


00  to  00  CT>  O  O 

r^  o  o  vo  -^  fM 


vO  rH  O  rH 


to  00 
00 


ovOLnoocMT3-voi~~toLn 

rHrHtOOOiniOrHTd-0000 


oorHini^ooootoo 

rH    rH  lO 


r^oiLOsoooooincMvo 
'^t^oinrj-r-^ovom 

tOCMrHOOTj-OOvOCMO 

CM  .  m 


(MOOr-CTit-^vOvOOtOO 

ootnooooa^'^'-itovoo 

tOO^OrfvOOOOOtOrH 
rH  m 


o 


+J 

0) 


oa 
to 
to 


rH 
CM 


rH      CO 


o 
o 
o 


rH     OQ 


00 
CM 


o 
o 

CM 


CM  00  NO  vO  O  Tf  Tl- 

m  m  t^  o^  r^  00  vo 

rH  rH  rH  CM 


o>  vo  •^  rH  r~  VO  t^ 
to  m  r^  o>  in  i^  o 

rH  rH    rt 


vo  o  o  vo  o>  r^  CM 


00  in  r^  ov  1^  CT»  CM 

rH  rH  to 


to  to  in  00  o  CM  .-H 


O  O  O  O  to  vO  <n 
CM  \0 


CM  ^  O  vO  to  O 
rH  rH  rH  in  a>  to 


in  o  o  o  o  "<t 


in  rf  in  rH  vo  vo 

CM  rH  O  •^  <£)  »-H 


in  o  o  o  o  -^ 


CM  O  \0  O^  '-I  CM 

in  rH  o  >aD  rH  o 


\0  O  O  O  rH  CM 

en 


rr  CM  r^  o>  in  rH 
vo  o  o  r~-  vo  r^ 


\o  o  o  rH  to  m 


\OinNOO^o%vooiCT> 

rHKtOOOrH\OOr-«tO 

tocMOO^oovorJO 

CM  >0 


in<-H00<M<MrHrHtOCT>rH 
vOt^O'tJ-CMtOinvOtOCM 

inrHOvor-oor^too 
CM  m 


rtinooooo^invotoin 

rHOOvOinr^OrHOO 

cMCMrHoorroor-cMO 
CM  in 


0OtO00rMtOCM\O00CT>00 
vO»OCMLntOLnrHCTl<IT»CT> 

CMCTlrHTj-r-OOI^tOO 

rH     in 


2 

DS 

Oi 
O 

Uh 

k: 
o 

H 
Cu 

tu 
u 
u 
< 

Q 
U 

I— I 
OS 


rH 
CM 


rH      CO 


o 
o 
to 


r^  to  •^  00  t^  00  to 


Tt  CT»  vO  to  <j>  o 

rH  rH  O  00  CTl  to 


f  \0  00  O  CT>  CM  r^ 

in 

• 

o 

o 

o 

o 

in 

H         rH  rH  rH  CM 

a\ 

to 

o 

00 

t^ 

■^ 

o 

r>   Tt  in  to  to  vo 

vO 

to 

o 

f-i 

in 

rH 

3   o  o  m  o^  to 

sO 

o 

o 

CM 

to 

vO 

rH  to  Tj- 

^ 

^ 

Oi 

w 

•H 
V) 

oinLno^toCT>LnLnrH 

OLOCJ^CMtOinOCT^tO 

a>CMOtO^OOvOCMO 
rH  vO 


ino'«3-oocj>vO'a-r~oo 

O>CT>tOvOtO';J-rHt^00C7> 

rHOOrHint^OOr^tOO 
rH  in 


o 

I 
to 

to 


4> 

Q 


4> 

o 


•  «/»  o  o  in 

4>  4>       00  in  o  o  CM 

t>l    S  TJ-    vO   rH    CM    to 

•H       in  in 

W)    MtOXXXXXCM 
0>    +  to 

C  •-•       m  00  in  o  o    I 

ox        to  Tj-  n£)  o  o 

4)    E-.  rH    CM 

Jh 
o 
en 


M 

•H 
(A 
>s 

rH 

cd 

c  to 

*<  «     o 

»  i-H  en 

*J  ;H  ♦J   + 

rt  <*H    o 

E  ^  H  X 

•H  3         <fl 

•M  u  X  z  cn  cA,  < 


c 

rH 

LU 


to  to 

CM       o  mo  O     (M 

O      to   CMO    O   O    O      CM   CNO 

•H    O     CO     Clj      CJO      CM    r>H     4)    .H 

cncnzu2:i«io-<u-H 


V) 
O 

r 


CO 
Q 


233 


O     00     O^     rH     O 

rH  01  N  en  CO 

00    t^    QO    GO    00 


iC    tH    N    O    0> 

I     Cn    O    iH    N    r-l 

r^  00  00  00  00 


h-  <ji  O)  CO  to 

,  r^  t«  ^  h.  to 

irt  m  in  in  m 

I  I  I  I  I 

O  00  tn  iH  ift 

t-to  (O  CO  in  Tj" 

in  in  in  in  tn 


OiHOOcQOOin 
h-t^r*h-a><Sooi 
t^r^t^t^t^^-oor-. 


O  X 


h-  r*  h-  r^  h. 


e  5  I 

0)    (S 


3QJ  rHrHiHr-trHfH 


^  a 


^iDinootONOio 

NCOCOOCONrHCO 


inmcooootot^in 


ocoMt^ujor^QO 

Tj-^TTOOOiCOOON 

(Ototoininininin 


rH     H     N 
CO   CO    C^) 

<0  (O  to 


uoNOicoinooinO 

NNiHtOtDCOinm 

to^cciommmin 


t>*ino4r-ino^inO 

OOtOTf^DOCTJ'J'N 
C£)tD<OU)COin<0(D 


8  0 

I    I    I  tn 


I    I    I  (£    I 


CM   00 
t     CS|    N 

t*  to 


CO  u 

(    3 

CO  4-> 

<0 

« 

r 

Eh 


O  01  N 

N    rH    rH 

(O  ;s  (C 


Oiocgi-iNOinm 
(ocot£i/)inmi/itn 


I     iH      I       I     ^    CM 

00  t»  r» 


iH  00  01  en  en 

I   V  m  in  N  f- 

00  t-  r»  00  r- 


OQ 
lO 
tn 

o 

w 

l-H 

[Ih 

o 

OS 
a, 

tu 

DS 
E- 

w 
E-H 

oi 

i 


S 

CQ 


00    O   M    CM    Q   O   W 

O    H    01    CO    O    C»J    ^ 
00    00    h>    00    00    00    00 


< 
a, 


(M 

f 

^0 

to 


NCntOMtOfONP) 


Wn^DCVJtOCONCO 


E- 


o  in  in  in  CO 

rH  Tl"  r<  rH  O 

?-4  00  O  ^  V 

N  rH  5  O  r< 


O  in  in  in  n 

H  *  W  r^  O 

iH  00  O  «•  ^ 

N  i-l  O  O  iH 


(£  N  Ol  O  tH 
*H  fH  r-l  M  N 

N  N  N  N  N 


N  N  N  N  N 


234 


2/ 11/ It 

2/13/76 

2/13/76 

2/13/76 

2/13/76 

2/13/76 

2/13/76 

0135 

0530 

0900 

1245 

1650 

2030 

2330 

18,492 

18,559 

18,946 

21,989 

22,354 

22,344 

22,239 

18.313 

18,416 

18,782 

21,714 

22,117 

22,133 

22,042 

113 

105 

109 

122 

116 

112 

HI 

130 

130 

130 

130 

130 

130 

135 

58.50 

58.70 

60.56 

59.10 

59.00 

59.26 

59.70 

3.90 

3.50 

3.70 

3.70 

4.10 

3.10 

3.60 

14.60 

14.20 

13.51 

13.80 

12.20 

13.81 

13.60 

12.90 

12.70 

12.41 

13.00 

13.60 

13.71 

13.30 

10.10 

10.90 

9.81 

10.40 

11.10 

10.11 

9.80 

0.97 

0.77 

0.87 

1.25 

1.06 

0.94 

0.89 

12.93 

13.01 

12.40 

12.82 

12.88 

12.63 

12.52 

367 

364 

365 

367 

368 

375 

371 

11,631 

11,543 

10.986 

16,496 

18,900 

18,364 

18,466 

10,453 

10,479 

9,944 

14.805 

16,248 

17,069 

16,761 

469 

507 

529 

555 

550     • 

596 

608 

486 

500 

502 

496 

488 

500 

483 

558 

570 

573 

573 

587 

597 

590 

108 

108 

110 

110 

111 

110 

109 

61.90 

63.20 

60.50 

62.20 

62.30 

61.46 

62.20 

5.00 

4.40 

4.40 

4.00 

4.30 

3.60 

4.50 

15.90      , 

15.20 

15.30 

14.90 

14.40 

13.81 

14.70 

14.30 

13.90 

13.70 

13.50 

14.00 

13.81 

14.40 

2.90 

3.30 

6.10 

5.40 

5.00 

7.31 

4.20 

10.14 

9.22 

9.49 

10.25 

14.03 

7.05 

9.23 

11.42 

11.14 

12.23 

11.80 

11.93 

12.01 

11.46 

396 

394 

384 

386 

389 

383 

394 

34,299 

35,669 

33,257 

41,453 

37,748 

37,214 

40,298 

33,736 

35,146 

33,143 

41,280 

37,595 

37,082 

40,160 

206 

200 

158 

154 

155 

158 

157 

137 

160 

130 

150 

120 

130 

130 

13.39 

1.90 

1.70 

1.70 

2.50 

1.80 

6.59 

8.44 

8.80 

9.60 

7.30 

7.  70 

6.10 

7.09 

8.26 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

69.91 

87.20 

84.80 

87.70 

88.50 

84.30 

86.31 

0.00 

2.10 

3.90 

3.30 

1.30 

7.80 

0.00 

1.64 

1.47 

0.34 

0.42 

0.41 

0.35 

0.34 

16.19 

17.43 

18.04 

17.60 

16.98 

18.70 

15.97 

776 

887 

862 

891 

902 

857 

89  3 

7,367 

7,362 

7,540 

6,341 

7.840 

7,990 

9,040 

7,247 

7.254 

7,514 

6,314 

7,809 

7,962 

9,009 

120 

116 

69 

75 

75 

71 

71 

90 

90 

90 

90 

93 

93 

96 

13.39 

1.90 

1.70 

1.70 

2.50 

1.80 

6.59 

8.44 

8.80 

9.60 

7.30 

7.70 

6.10 

7.09 

8.26 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

69.91 

87.20 

84.80 

87.70 

88.50 

84.30 

86.31 

0.00 

2.10 

3.90 

3.30 

1.30 

7.80 

0.00 

1.64 

1.47 

0.34 

0.42 

0.41 

0.35 

0.34 

16.19 

17.43 

18.04 

17.60 

16.98 

18.70 

15.97 

776 

887 

862 

891 

902 

857 

893 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

75,950 

75,610 

75,470 

75,610 

75,320 

75,030 

75,080 

595 

605 

610 

605 

615 

625 

623 

599 

608 

610 

606 

615 

631 

62  7 

0 

0 

0 

0 

0 

0 

0 

Date 

Time 

Carbonate  Tower 

Feed  Gas,   SCFH   (Wet) 
Feed  Gas,  SCFll    (Dry) 
Temperature,  "F 
Pressure,  PSIG 
Compositions,   Mol   % 

lU   (Dry) 

N,   (Dry) 

CO  (Dry) 

CH4  (Dry) 

CO2   (Dry) 

H2O 

MIV   (Wet) 
lUIV,   BTU/SCF   (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH   (Wet) 
Feed  Gas,  SCFH   (Dry) 
Temperature,   °F  (1) 
Temperature,    °F   (2) 
Temperaturp,   °F   (3) 
Pressure,   PSiG 
Compositions,   Mol   % 

H2   (Dry) 

N2    (Dry) 

CO   (Dry) 

CH4   (Dry) 

CO2   (Dry) 

H2O* 

MW   (Wet) 
miV,    BTU/SCF   CDry) 

Recycle  Rate 

Feed  Gas,   SCFH   (Wet) 
Feed  Gas,   SCRl   (Dry) 
Temperature,   "F 
Pressure,   PSIG 
Compositions,   Mol  % 

"2   (Dry) 

N2    (Dry) 

CO   (Dry) 

CH4   (Drv) 

CO2   (Dr^^) 

H2O 

MW    (Wet) 
lUIV,    BTU/SCF    (Dry) 

Adiabatic  Reactor 
Feed  Gas,   SCFll   (Wet) 
Feed  Gas,   SCRl   (Dry) 
Temperature,    °F 
Pressure,   PSIG 
Compositions,   Mol  % 

II2   (Dry) 

N2   (Dry) 

CO   (Dry) 

CH4   (Dry) 

CO2   (Dry) 

U2O 

MIV   (Wet) 
IIHV.    BTU/SCF   (Dry) 

Water'  Make.    LB/IIR 

Dowtherm  Circulation   Rate.    LB/HR 

Temperature   to  DC-402,   °F 

Temperature   from  DC-402,    °F 
Uowtherra  Condensed,    LB/HR 
Condensed  Dowtherm  Temperature,    °F  _ 

•NOTF.:     The  percent  moisture  was   determined  using  published   vapor  pressure   curves 
for  H2O  over  solutions   of  potassium  carbonate 

(1)  Temperature  at   flow  measuring  orifice 

(2)  Temperature  of  methanator   feed  plus   recycle   gas   at   reactor  inlet 

(3)  Temperature  of  reactor  effluent 
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Date 

Time 

Carbonate  Tower 

Feed  Gas,   SCFH   (Wet) 
Feed  Gas,  SCFH   (Dry) 
Temperature,    °F 
Pressure,    PSIG 
Compositions,   Mol   % 

H2   (Dry) 

N2    (.Ory) 

CO    (Dry) 

ai      (Dry) 

CO2    (Dry) 

NIW   (Wet) 
HHV,    BTU/SCF    (Dry) 

Methanator  Feed 

Feed  Gas,   SCFH   (Wet) 
Feed  Gas,   SCFH   (Dry) 
Temperature,    °F  (1) 
Temperature,   °F   (2) 
Temperature,   °F   (3) 
Pressure,    PSIG 
Compositions,   Mol  % 

H2   (Dry) 

N2   (Dry) 

CO   (Dry) 

CH4    (Dry) 

CO2   (Dry) 

H2O* 

MIV   (Wet) 
HHV,    BTU/SCF   (Dry) 

Recycle  Rate 

ceeH  Gas,  SCRI   Qfet) 
Feed  Gas,   SCFH  (Dry) 
Temperature,    °F 
Pressure,   PSIG 
Compositions,   Mol  % 

H2   (Dry) 

N2   (Dry) 

CO   (Dry) 

CH4   (Dry) 

CO,    (Dry) 

H2O 

m   (Wet) 
HHV,    BTU/SCF   (Dry) 

Adiabatic  Reactor 
Feed  Gas,   SCFH   (Wet) 
Feed  Gas,  SCFH   (Dry) 
Temperature,    °F 
Pressure,   PSIG 
Compositions,   Mol  % 

H2   (Dry) 

N2    (Dry) 

CO    (Dry) 

CH4    (Dry) 

CO2    (Dry) 

H2O 

MV   (Wet) 
HHV,    BTU/SCF   (Dry) 

Water  Make,   LB/HR 

Dowtherm  Circulation  Rate,   LB/HR 

Temperature   to  DC-402,   °F 

Temperature   from  CD-402,    °F 
Dowtherm  Condensed,   LB/HR 
Condensed  Dowtherm  Temperature,    °F  - 

*NOTE:     The  percent  moisture  was   determined  using  published  vapor  pressure   curves 
for.H20  over  solutions   of  potassium  carbonate. 

(1)  Temperature  at   flow  measuring  orifice 

(2)  Temperature  of  methanator   feed  plus   recycle  gas   at   reactor  inlet 

(3)  Temperature  of  reactor  effluent 


2/14/76 

2/14/76 

2/15/76 

2/15/76 

2/15/76 

2/16/76 

2/16/76 

1030 

1540 

0900 

1540 

2330 

0900 

1500 

23,099 

22,583 

22,703 

29,846 

29,739 

29,977 

30,962 

22,868 

22,316 

22,476 

29,651 

29.504 

29,746 

30,707 

114 

120 

114 

100 

106 

105 

107 

130 

130 

130 

132 

130 

130 

129 

60.20 

58.90 

58.90 

58.96 

59.20 

59.90 

59.40 

3.10 

3.70 

3.70 

3.40 

3.90 

3.40 

3.40 

14.10 

14.20 

13.80 

13.81 

13.80 

13.40 

14.00 

12.90 

12.90 

13.  10 

13.11 

13.30 

13.40 

13.60 

9.70 

10.30 

10.50 

10.71 

9.80 

9.90 

9.60 

1.00 

1.18 

1.00 

0.65 

0.79 

0.77 

0.82 

12.43 

12.87 

12.86 

12.86 

12.64 

12.46 

12.52 

371 

367 

367 

368 

370 

372 

375 

18,965 

18,731 

18,283 

20,2  36 

21,780 

22,298 

23,981 

17,058 

16,890 

16,444 

18,273 

19,711 

20,189 

21.734 

610 

618 

618 

625 

64  3 

641 

642 

489 

519 

528 

519 

522 

523 

548 

597 

596 

553 

555 

540 

579 

559 

110 

110 

110 

112 

110 

111 

112 

63.80 

63.00 

61.80 

61.50 

61.90 

62.76 

62.84 

3.90 

3.70 

3.60 

4.10 

4.40 

3.60 

4.70 

14.90 

15.20 

14.70 

14.00 

14.90 

14.31 

13.89 

13.80 

14.10 

14.10 

13.90 

14.10 

14.01 

14.29 

3.60 

4.00 

5.80 

6.50 

4.70 

5.31 

4.30 

10.05 

9.83 

10.06 

9.70 

9.50 

9.46 

9.37 

11.12 

11.32 

11.87 

12.04 

11.65 

11.54 

11.34 

394 

395 

390 

385 

391 

591 

392 

43,062 

40,260 

41,814 

42,336 

43,951 

46,965 

30,635 

42,925 

40, ni^R 

'1,655 

42,187 

43,838 

46,853 

30.504 

154 

163 

154 

160 

156 

ISO 

167 

150 

130 

150 

120 

130 

150 

130 

6.10 

8.10 

1.80 

1.50 

2.00     ■ 

2.30 

2.10 

7.00 

7.80 

10.10 

10.70 

7.50 

6.80 

7.10 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

86.90 

84.10 

88.10 

87.80 

88.60 

88.00 

89.40 

0.00 

0.00 

0.00 

0.00 

1.90 

2.90 

1.40 

0.32 

0.48 

0.38 

0.35 

0.26 

0.24 

0.43 

16.03 

15.85 

17.00 

17.12 

17.19 

17.35 

16.99 

897 

876 

896 

892 

901 

896 

910 

8,390 

8,081 

7,592 

8,753 

8,805 

8,527 

9,117 

8,363 

8,043 

7,563 

8,723 

8,783 

8.507 

9,078 

68 

80 

73 

70 

61 

59 

75 

93 

93 

93 

90 

90 

90 

87 

6.10 

8.10 

1.80 

1.50 

2.00 

2.30 

2.10 

7.00 

7.80 

10.10 

10.70 

7.50 

6.80 

7.10 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

86.90 

84.10 

88.10 

87.80 

88.60 

88.00 

89.40 

0.00 

0.00 

0.00 

0.00 

1.90 

2.90 

1.40 

0.32 

0.48 

0.38 

0.35 

0.26 

0.24 

0.43 

16.03 

15.85 

17.00 

17.12 

17.19 

17.35 

16.99 

897 

876 

896 

892 

901 

896 

910 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

75,030 

75,180 

76.230 

76,850 

77.090 

75,950 

76,850 

625 

620 

585 

565 

555 

595 

565 

630 

625 

589 

582 

563 

60  3 

588 

0 

0 

0 

0 

0 

0 

0 
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Date 

Time 

Carbonate  Tower 

l-ced 

c.as,  scni 

(Wet) 

Feed 

Gas,   SCFH 

(Dry) 

Temperature,    °l 

Pressure,   PSIG 

Compositions,   Mol  % 

"2 

(Dry) 

S 

(Dry) 

(Diy) 

CH4 

\   CDry) 

CO2 

:    CDry) 

II2O 

1 

m 

(Wet) 

HHV, 

BTU/SCF   (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH  (Wet) 
Feed  Gas,  SCFH  (Dry) 
Temperature,  °F  (1) 
Temperature,  °F  (2) 
Temperature,  °F  (3) 
Pressure,  PSIG 
Compositions,   Mol  % 

II2    (Dry) 

N2   (Dry) 

CO   (Dry) 

ai4   (Dry) 

CO2    (Dry) 

H2O* 

MW    (Wet) 
HHV,    BTU/SCF   (Dry) 

Kecycle  Rate 

Feed  Gas,   SCFH    (Wet) 
PeeH  r.f,^^   pcR"   (pv^r) 
Temperature,   °F 
Pressure,   PSIG 
Compositions,   Mol   % 

"2  CDry) 

N2   (Dry) 

CO   (Dry) 

CH4   (Dry) 

CO2   (Dry) 

H2O 

MW   (Wet) 
HHV.    BTU/SCF   (Dry) 

Adiabatic  Reactor 
Feed  Gas,  SCFH   (Wet) 
Feed  Gas,   SCFH   (Dry) 
Temperature,   °F 
Pressure,   PSIG 
Compositions,   Mol  % 

H2    (Dry) 

N2    (Dry) 

CO    (Dry) 

CH4   (Dry) 

CO2    (Dry) 

H2O 

MIV   (Wet) 
HHV,    BTU/SCF   (Dry) 

Water  Make,    LB/HR 

Dowtherm  Circulation  Rate,    LB/HR 
Temperature  to  DC-402,   °F 
Temperature   from  DC-402,    "F 

Dowtherm  Condensed,    LB/HR 

Condensed  Dowtherm  Temperature,   " 


2/16/76 

2/17/76 

2/17/76 

2/17/76 

2/18/76 

2/18/76 

2/18/76 

2330 

0900 

1530 

2315 

0900 

1600 

2310 

30,602 

30,512 

29,989 

30,445 

.30,045 

30,467 

29,937 

30,353 

30,259 

29,731 

30,200 

29,810 

30,215 

29,685 

107 

107 

108 

107 

105 

107 

107 

130 

128 

127 

132 

128 

128 

126 

59.60 

60.04 

59.33 

59.16 

59.16 

60.16 

59.20 

3.50 

3.60 

3.77 

3.30 

3.20 

3.20 

3.70 

14.10 

14.39 

14.58 

13.51 

13.61 

14.01 

13.90 

13.60 

13.09 

12.80 

13.61 

13.51 

13.21 

13.50 

9.20 

8.89 

9.52 

10.41 

10.51 

9.41 

9.70 

0.82 

0.83 

0.86 

0.81 

0.78 

0.83 

0.84 

12.41 

12.31 

12.63 

12.71 

12.74 

12.34 

12.60 

376 

37  3 

368 

373 

372 

373 

373 

23,572 

2  3,826 

24,590 

23,515 

23,904 

23,900 

23,816 

21,418 

21,746 

22,578 

21,301 

21,767 

21,777 

21,688 

654 

653 

653 

649 

647 

646 

645 

552 

549 

544 

549 

544 

545 

554 

547 

552 

542 

533 

530 

537 

515 

112 

112 

112 

110 

112 

110 

112 

62.10 

63.11 

64.24 

62.30 

62.76 

63.30 

62.30 

4.40 

3.35 

3.60 

4.50 

4,40 

3.80 

4.60 

14.80 

15.45 

15.68 

14.50 

14.81 

14.80 

14.80 

13.90 

13.41 

13.99 

14.10 

13.81 

14.00 

14.00 

4.80 

4.67 

2.50 

4.60 

4.20 

4.10 

4.30 

9.14 

8.73 

8.18 

9.42 

8.94 

8.88 

8.93 

11.62 

11.38 

10.69 

11.54 

11.37 

11.20 

11.47 

389 

390 

400 

391 

390 

394 

391 

29,942 

32,339 

33,520 

33,581 

33,742 

33,673 

30,066 

29,833 

32,222 

33,398 

33,467 

33, '^3'; 

33,513 

20,957 

169 

161 

161 

165 

158 

162 

165 

125 

150 

150 

150 

150 

ISO 

150 

2.10 

2.10 

3.90 

3.00 

3.40 

3.60 

3.00 

6.70 

7.60 

7.00 

7.60 

8.30 

8.20 

9.50 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

89.20 

87.10 

89.10 

89.40 

88.30 

88.20 

87.50 

2.00 

3.20 

0.00 

0.00 

0.00 

0.00 

0.00 

0.36 

0.36 

0.36 

0.34 

0.32 

0.39 

0.36 

17.11 

17.55 

16.34 

16.54 

16.56 

16.53 

16.76 

908 

887 

913 

913 

90  3 

902 

893 

9,253 

9,011 

9,990 

9,175 

9,313 

9,272 

9,223 

9,219 

8,978 

9,954 

9,144 

9,283 

9,236 

9,190 

71 

70 

71 

68 

66 

72 

70 

90 

87 

90 

87 

87 

87 

87 

2.10 

2.10 

3.90 

3.00 

3.40 

3.60 

3.00 

6.70 

7.60 

7.00 

7.60 

8.30 

8.20 

9.50 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

89.20 

87.10 

89.10 

89.40 

88.30 

88.20 

87.50 

2.00 

3.20 

0.00 

0.00 

0.00 

0.00 

0.00 

0.36 

0.36 

0.36 

0.34 

0.32 

0.39 

0.36 

17.11 

17.55 

16.34 

16.54 

16.56 

16.53 

16.76 

908 

887 

913 

913 

903 

902 

39  3 

331 

340 

345 

353 

366 

363 

367 

76,850 

76,520 

76,850 

77,410 

77,410 

77,270 

78,070 

565 

5  75 

565 

543 

545 

550 

520 

577 

583 

5  77 

55  7 

557 

564 

539 

0 

1,595 

2,055 

2,295 

3,135 

2,766 

2,458 

- 

489 

515 

512 

463 

516 

599 

*NOTE : 


The  percent  moisture  was   determined  using  published  vapor  pressure   curves 
for  H2O  over  solutions   of  potassium  carbonate. 


(1)  Temperature   at   flow  measuring  orifice 

(2)  Temperature  of  methanator  feed  plus   recycle   gas   at  reactor  inlet 

(3)  Tetiperature  of  reactor  effluent 


Table  33-22.  METHANATION  SECTION  PROCESS  DATA  FOR  RUN  33B  (Sheet  3  of  4) 
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Date 


Time 


Carbonate  Tower 

Feed  Gas,   SCRl   (Wet) 
Feed  Gas,   SCFll   (Dry) 
Temperature,    °F 
Pressure,   PSIG 
Compositions,   Mol  % 

H2   (Dry) 

N2    (Dry) 

CO    (Dry) 

CH4   (Dry) 

CO2    (Dry) 

H2O 

MW   (Wet) 
HHV,    BTU/SCF   (Dry) 

Methanator  Feed 

Feed  Gas,  SCFH   (Wet) 
Feed  Gas,   SCFH   (Dry) 
Temperature,    °F   (11 
Temperature,    °F   (2j 

Temperature,   °F    (3) 
Pressure,   PSIG 
Compositions,    Mol   % 

H2    (Dry) 

N2    CDiy) 

CO    (Dry) 

CH4   (Dry) 

CO2    (Dry) 

H2O* 

MW   (Wet) 
HHV,    BTU/SCF   (Dry) 

Kecycle   Kate 

Feed  Gas,   SCFH   (Wet) 
Feed  Gas,   SCFH    (Dry) 
Temperature,    °F 
Pressure,   PSIG 
Compositions,   Mol  % 

H2   (Dry) 

N2    (Dry) 

CO    (Dry) 

CH4   (Dry) 

CO2    (Dry) 

H2O 

MV   (Wet) 
HHV,   BTU/SCF   (Dry) 

Adiabatic  Reactor 
Feed  Gas,   SCFH   (Wet) 
Feed  Gas,   SCFH   (Dry) 
Temperature,   "F 
Pressure,   PSIG 
Compositions,   Mol   % 

II2    (Dry) 

N2    (Dry) 

CO    (Dry) 

CH4    (Dry) 

CO2    (Dry) 

HoO 

MiV   (Wet) 
HHV,    BTU/SCF   (Dry) 

Water  Make,    LB/HR 

Dowtherm  Circulation  Rate,    LB/HR 
Temperature   to  DC-402,    °F 
Temperature   from  DC-402,    °F 

Dowtherm  Condensed,    LB/HR 

Condensed  Dowtherm  Temperature,    " 


2/19/76 

2/19/76 

2/19/76 

2/20/76 

2/20/76 

2/20/76 

2/21/76 

2/21/76 

0730 

1600 

2  300 

0740 

1700 

0100 

0  700 

1600 

30,158 

29,959 

30,298 

29,996 

29,788 

30,312 

30,444 

30,411 

29,916 

29,733 

30,084 

29,819 

29,535 

30,081 

30,194 

30,120 

106 

103 

102 

95 

108 

104 

106 

112 

128 

125 

130 

125 

128 

127 

125 

128 

59.16 

59.46 

58.66 

5  8.80 

58.60 

58.90 

59.60 

59.06 

4.40 

3.20 

4.20 

3.60 

4.00 

4.20 

4.30 

3.90 

13.51 

14.31 

14.21 

14.50 

14.60 

13.90 

13.60 

14.21 

13.31 

13.21 

13.21 

13.30 

12.80 

12.40 

12.70 

12.81 

9.61 

9.81 

9.71 

9.80 

10.00 

10.60 

9.80 

10.01 

0.80 

0.75 

0.70 

0.59 

0.85 

0.76 

0.82 

0.96 

12.62 

12.58 

12.77 

12.73 

12.89 

12.95 

12.61 

12.78 

370 

372 

369 

371 

366 

361 

365 

366 

23,656 

23,887 

23,692 

23,999 

22,369 

23,614 

23,726 

23,341 

21,451 

21,676 

21,538 

21,862 

20,955 

21,657 

21,709 

20,918 

645 

647 

644 

640 

635 

643 

643 

645 

557 

557 

556 

555 

549 

549 

550 

553 

5  34 

536 

5  39 

536 

525 

532 

546 

534 

112 

112 

112 

112 

112 

112 

112 

112 

61.94 

62.80 

61.80 

62.50 

58.40 

62.00 

62.36 

61.30 

4.60 

3.70 

4.90 

4.60 

4.60 

3.90 

5.01 

4.70 

14.39 

15.50 

15.00 

15.10 

13.60 

15.20 

14.31 

13.40 

14.29 

13.80 

14.00 

14.00 

13.60 

13.60 

13.41 

14.80 

4.80 

4.20 

4.30 

3.80 

9.80 

5.30 

4.90 

5.80 

9.32 

9.26 

9.09 

8.90 

6.32 

8.29 

8.50 

10.38 

11.62 

11.38 

11.60 

11.35 

13.10 

11.69 

11.58 

11.94 

391 

393 

590 

392 

370 

387 

383 

391 

23,423 

29,407 

29 .  350 

29.105 

26,936 

29,059 

29,870 

28,898 

29,323 

29,297 

29,267 

29,025 

26,835 

28,964 

29,761 

28,797 

165 

162 

161 

159 

161 

160 

164 

179 

150 

150 

150 

150 

155 

155 

155 

l.=:0 

2.60 

2.50 

2.60 

1.90 

1.10 

1.70 

2.80 

2.30 

8.20 

8.90 

9.80 

9.50 

10.20 

9.00 

8.20 

9.80 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

89.20 

88.60 

87.60 

87.60 

76.10 

86.20 

88.80 

87.90 

0.00 

0.00 

0.00 

1.00 

12.60 

3.  10 

0.20 

0.00 

0.34 

0.38 

0.28 

0.27 

0.38 

0.33 

0.36 

0.35 

16.66 

16.76 

16.85 

17.20 

20.62 

17.75 

16.69 

16.90 

909 

903 

893 

891 

772 

876 

906 

895 

9,267 

9,341 

9,258 

9,300 

9,444 

9,110 

9,242 

9,195 

9,236 

9,306 

9,232 

9,2  74 

9,408 

9,080 

9,209 

9,163 

68 

71 

63 

62 

71 

67 

70 

69 

87 

87 

87 

87 

87 

87 

87 

87 

2.60 

2.50 

2.60 

1.90 

1.10 

1.70 

2.80 

2.30 

8.20 

8.90 

9.80 

9.50 

10.20 

9.00 

8.20 

9.80 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

89.20 

88.60 

87.60 

87.60 

76.10 

86.20 

88.80 

87.90 

0.00 

0,00 

0.00 

1.00 

12.60 

3.10 

0.20 

0.00 

0.34 

0.38 

0.28 

0.27 

0.38 

0.  33 

0.36 

0.35 

16.66 

16.76 

16.85 

17.20 

20.62 

17.75 

16.69 

16.90 

909 

903 

893 

891 

772 

876 

906 

895 

366 

345 

355 

343 

345 

326 

355 

376 

77,270 

63,220 

49 , 1 70 

49 , 1 70 

29,558 

30,9  70 

30,780 

28,710 

550 

550 

550 

550 

543 

545 

560 

548 

561 

568 

573 

572 

565 

565 

579 

568 

3,167 

2,051 

3,144 

1,813 

1,272 

2,840 

1,959 

1,718 

510 

396 

454 

380 

269 

520 

414 

405 

•NOTE : 


The  percent   moisture  was   determined  using  published  vapor  pressure   curves 
for  HjO  over  solutions  of  potassium  carbonate. 


(1)  Temperature  at   flow  measuring  orifice 

(2)  Temperature  of  methanator   feed  filus   recycle  gas   at   reactor  inlet 

(3)  Temperature  of  reactor  effluent 
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RUN  34 


RUN  34A  MARCH  17  TO  MARCH  22,  1976 
RUN  34B  MARCH  26  TO  APRIL  1,  1976 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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SUMMARY 


The  Run  34  series  (Run  34A  and  Run  34B)  was  the  first  attempt  to 
use  the  combination  of  Glenharold  lignite,  a  medium  sodium  lignite,  and 
6X9  Tyler  mesh  Minnekahta  limestone  in  a  fully  integrated  plant.   Neither 
of  the  runs  in  this  series  was  of  sufficient  length  to  attain  steady- 
state  operation. 

Two  large  hot  spots  on  the  regenerator  acceptor  lift  line  inter- 
rupted Run  34A  after  only  13.5  hours  at  process  temperatures.   The  plant 
was  immediately  shut  down  due  to  the  extent  and  the  suddenness  of  their 
appearance. 

A  boot  upset  caused  the  demise  of  Run  34B  after  51  hours  at  process 
conditions.   Examination  of  the  gasifier  after  shutdown  showed  a  large 
boot  deposit  and  a  deposit  above  the  gasifier  ring. 
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2    TEST  DATA 

Run  34  data  are  presented  graphically  and/or  tabular ly  at  the  end 
of  this  run  report.  These  tables  include: 

Page 

Table  34-1.    Gasifier  Data  for  Run  34B 252 

Table  34-2.    Regenerator  Data  for  Run  34B 253 

Table  34-3.    Feedstock  Composites  for  Run  34B 254 

Table  34-4.    Calcined  Acceptor  Return  for  Run  343 255 

Table  34-5.    Recarbonated  Acceptor  Return  for  Run  34B 256 

Table  34-6.    Gasifier  Char  Bed  Material  for  Run  34B 257 

Table  34-7.    Gasifier  Char  to  External  Cyclone  for  Run  34B 258 

Table  34-8.    Gasifier  Quench  Tower  Solids  for  Run  34B  259 

Table  34-9.    Ash  and  Attrited  Acceptor  for  Run  34B 260 

Table  34-10.   Gasifier  Deposits  for  Run  34B 261 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 

3.1    TABULAR  HISTORY  OF  RUN  34 

3.1.1  Objectives 

(1)  Integrated  plant  operation  using  Glenharold  lignite  and  Minnekahta 
limestone  as  feedstocks. 

(2)  Operation  of  the  methanation  unit. 

(3)  Voluntary  shutdown  after  obtaining  a  steady-state  balance  period. 

3.1.2  Accomplishments  of  Run  34A 

(1)  None  of  the  major  objectives  were  attained  due  to  the  shortness 
of  the  run. 

(2)  The  system  pressure  control  was  adjusted  to  minimize  pressure 
surges  during  an  upset.  After  adjustment,  the  response  proved 
satisfactory. 

(3)  An  alternate  method  of  controlling  steam  flow  to  the  boot  was 
tested.  The  boot  steam  can  now  be  controlled  via  the  total  flow 
orifice  (FT-2019) .  This  orifice  has  proven  to  be  more  dependable 
than  the  steam  orifice  (FT-2021) . 

3.1.3  Accomplishments  of  Run  34B 

(1)  Glenharold  lignite  was  fed  to  the  system  for  44  hours. 

(2)  Minnekahta  limestone  was  fed  for  40  hours. 

3.1.4  Termination  Cause  of  Run  34A 

Two  large  hot  spots  appeared  on  the  acceptor  lift  line,  CD-208, 
shortly  after  obtaining  process  conditions.  The  sudden  appearance  and 
size  of  these  hot  spots  led  to  the  decision  to  shut  down  the  plant. 

3.1.5  Termination  Cause  of  Run  34B 

A  boot  upset  occurred  after  44  hours  of  lignite  feed.  Spent 
acceptor  withdrawal  from  the  gasifier  was  lost.  Efforts  to  regain 
transfer  proved  futile.  The  cause  of  the  acceptor  transfer  loss  has  not 
been  definitely  determined.  A  piece  of  refractory  which  was  wedged  in 
the  inlet  to  the  recarbonated  acceptor  standleg  may  have  been  responsible. 
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3.1.6  Mechanical  Problems  of  Run  34A 

(1)  No  major  problems  during  operation. 

(2)  Examination  of  the  acceptor  lift  line  showed  the  lines  and  cones 
to  be  in  good  condition.  The  hot  spot  aroS|e  from  insulation 
voids. 

(3)  A  large  refractory  piece  was  found  lodged  in  the  recarbonated 
acceptor  transfer  line,  CD-204. 

(4)  The  air  ring  in  the  regenerator  was  damaged  beyond  repair  and 
had  to  be  replaced. 

3.1.7  Mechanical  Problems  of  Run  34B 

(1)  Some  plugging  of  the  Sweco  oversize  line  in  the  coal  grinding  area 
was  encountered. 

(2)  Cracks  were  discovered  in  the  regenerator  overhead  water  jacketed 
line. 

3.1.8  Process  Problems 

(1)  Minor  scale  buildup  was  observed  in  the  gasifier  quench  venturi. 

(2)  A  hard,  layered  buildup  (3/8-inch  maximum)  was  found  in  the 
gasifier  quench  tower. 

(3)  Agglomerated  ash  deposits  formed  on  and  around  the  gasifier  side 
flow  distributor  ring. 


3.2 

CHRONOLOGY  OF  OPERATIONS 

3.2.1 

Run  34A 

Hours 

Date 
3/17 

Time       Run 

1700 

M 

2110 

3/18 


1115 
1200 


Description 

Began  pressuring  up  the  system. 

System  up  to  pressure,  started  the  static 

pressure  test. 

NOTE:  Due  to  excessive  leaks,  the  plant 

was  returned  to  maintenance. 

Maintenance  finished  tightening  leaks,  and 

the  static  pressure  test  was  completed. 

Started  all  recycle  gas  compressors  and 

established  gas  circulation. 
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Date 
3/18 

3/19 


Time 

1450 
1715 

0615 


Hours 
Run 


It 

0930 

»t 

1030 

II 

1515 

II 

1915 

II 

2120 

3/20 

0405 

II 

0605 

II 

0611 

II 

1020 

II 

1100 

II 

1627 

M 

1700 

II 

1730 

II 

1925 

II 

2030 

II 

2100 

II 

2110 

II 

2142 

3/21 

0100 

II 

0340 

11 

0715 

M 

0745 

It 

0810 

II 

1000 

II 

1100 

1130 
1135 


1.6 


Description 

Lit  all  heaters. 

Started  refractory  cure  holding  period  at 
250  F. 

Finished  first  holding  period,  raising  heater 
temperatures. 

Started  heater  differential  pressure  tests. 
Finished  heater  differential  pressure  tests. 
Started  refractory  cure  holding  period  at  700°F 
Finished  the  second  holding  period,  raising 
heater  temperatures.   Began  grinding  in  the 
100  area. 

Shut  down  100  area  grinding  for  maintenance. 
Started  filling  the  gasifier  boot  with  dead- 
burned  dolomite  via  F-204A,  lignite  feed 
lockhopper . 

Transferred  first  batch  of  dead-burned  dolomite 
from  the  gasifier  to  the  regenerator. 
Started  dead-burned  dolomite  feed  to  the  regen- 
erator via  F-206,  fresh  dolomite  lockhopper. 
Maintenance  finished  with  100  area,  began 
grinding  again. 

Experienced  two  power  dips--no  problems 
resulted. 

Started  circulating  dead-burned  dolomite. 
Started  the  solids  circulation  test. 
Finished  the  solids  circulation  test. 
Began  steam  flow  to  the  gasifier  side. 
Started  the  gas  circulation  tests. 
Finished  the  gas  circulation  tests. 
Resumed  solids  circulation. 
Began  feeding  char  to  the  gasifer  via  F-204A. 
Started  air  flow  to  the  gasifier  side. 
Initiated  steam  flow  to  the  gasifier  boot. 
Started  auxiliary  char  feed  to  the  regenerator. 
Established  char  transfer  without  problems. 
Stopped  grinding  in  the  100  area. 
Regenerator  at  1800°F. 

Switched  gasifier  boot  steam  control  from 
FRC-2021  to  FRC-2019,  almost  lost  steam  flow, 
resumed  control  through  FRC-2021  and  sent 
FRC-2019  to  the  instrument  shop. 
Tried  to  switch  boot  steam  controllers  again 
without  success. 

Lost  acceptor  circulation  through  LCV-2003. 
Stopped  fresh  dead-burned  dolomite  feed, 
maintaining  regenerator  temperature  with 
auxiliary  char. 
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Hours 

Date 

Time 
1400 

Run 

3/21 

ft 

1435 

II 

1515 

II 

1542 

II 

1545 

0 

H 

1750 

II 

1840 

M 

1900 

n 

2125 

II 

2335 

3/22 

0930 

3.2.2 

Run  34 B 

3/26 

1130 

n 

1400 

11 

1530 

It 

1830 

11 

1835 

11 

2330 

7.8 


3/27 


0905 


II 

0945 

II 

1230 

II 

1700 

II 

1900 

II 

2130 

3/28 


0130 


It 

0600 

It 

0815 

II 

0940 

II 

1045 

Description 

Finally  reestablished  solids  circulation. 
Switched  gasifier  boot  steam  control  from 
FRC-2021  to  FRC-2019  successfully. 
Resumed  grinding  in  the  100  area. 
Began  feeding  Glenharold  lignite  to  the  gasi- 
fier via  F-204A.   ^ 
Regenerator  at  1800  F. 

Shut  off  lignite  feed  to  check  if  PT-2022, 
gasifier  pressure  controller,  and  DPRC-2030, 
gasifier-regenerator  pressure  differential 
controller,  would  catch  system  swing.  Both 
instruments  functioned  properly. 
Began  fresh  limestone  feed  to  the  regenerator, 
Started  CO  to  the  gasifier  boot. 
Began  cutting  air  to  the  gasifier  side. 
Large  hot  spots  appeared  on  CD-208,  acceptor 
lift  line  to  regenerator,  on  third  floor. 
Began  shutdown  procedures. 
System  depressured. 


Began  pressuring  up  the  system  using  J-309, 

char  lift  gas  compressor. 

System  up  to  pressure.  Started  the  static 

pressure  test. 

Finished  the  static  pressure  test. 

Started  all  recycle  gas  compressors. 

Lit  all  heaters. 

System  at  250  F,  started  13  hour  refractory  cure 

holding  period. 

J-201A,  gasifier  recycle  gas  compressor, 

shut  down  for  maintenance. 

J-201A  compressor  on  line. 

Finished  the  refractory  cure  holding  period 

and  began  increasing  system  temperatures. 

Started  the  heater  differential  pressure  tests. 

Finished  the  heater  differential  pressure  tests. 

System  at  700°F,  began  the  four -hour  refractory 

cure  holding  period. 

Finished  the  refractory  cure  holding  period  and 

began  raising  system  temperatures. 

Zinc  oxide  system  placed  on  line. 

J-201A  shut  down  for  maintenance. 

J-201A  placed  back  on  line. 

Initiated  dead-burned  dolomite  feed  to  the 

gasifier  via  F-204A,  lignite  feed  lockhopper. 
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Date 


3/28 


Time 
1305 
1630 


Hours 
Run 


It 

1815 

II 

1840 

II 

2015 

3/29 

0130 

M 

0400 

II 

0530 

II 

0620 

II 

0640 

II 

0712 

II 

0750 

M 

0820 

II 

0940 

II 

1004 

II 

1305 

II 

1530 

II 

1850 

•  1 

1900 

H 

2040 

3/30 

0345 

II 

0800 

II 

0850 

II 

1500 

3/31 

0745 

0843 

0900 
1321 


1350 


18.3 


36.3 


Description 

Having  trouble  transferring  dead-burned  dolo- 
mite from  the  gasifier  to  the  regenerator. 
Finally  able  to  transfer  dead-burned  dolomite. 
Started  feeding  dead-burned  dolomite  to  the 
regenerator  via  F-206,  fresh  dolomite  feed 
lockhopper„ 
F-206  outlet  plugged. 
F-206  handed  over  to  maintenance. 
F-206  outlet  cleared,  resumed  feeding  dead- 
burned  dolomite  to  the  regenerator. 
Began  solids  circulation. 
Started  solids  circulation  tests. 
Finished  solids  circulation  tests  and  started 
gas  flow  tests. 
Finished  gas  flow  tests. 

Replaced  recycle  gas  to  the  gasifier  side  with 
steam. 

Started  feeding  char  to  the  gasifier  via  F-204A. 
Stopped  solids  circulation  and  char  feed  to 
establish  the  interface  in  the  gasifier. 
Resumed  solids  circulation  and  char  feed. 
Started  grinding  in  the  100  area. 
S-10  sample  station  plugged;  swung  gasifier 
pressure  trying  to  clear  it. 
Initiated  air  flow  to  the  gasifier  side. 
Began  replacing  recycle  gas  to  the  gasifier 
boot  with  steam. 

Initiated  auxiliary  char  feed  to  the  regenerator, 
Established  char  transfer  from  the  gasifier 
to  the  regenerator. 
Regenerator  at  1800°F. 
Began  feeding  lignite  to  the  system. 
Initiated  limestone  feed  to  the  system. 
Began  CO^  gas  flow  to  the  gasifier  boot. 
Began  removing  air  from  the  gasifier  side. 
One  hundred  area  shut  down  for  maintenance 
work. 

Started  gas  flow  to  the  HPC  unit  of  the 
methanation  area. 

All  air  flow  out  of  the  gasifier  side. 
Upset  occurred  in  the  gasifier  boot,  cut  back 
on  acceptor  circulation,  added  air  to  the 
gasifier  side  to  maintain  temperature.  Char 
transfer  lost  during  the  upset. 
System  returning  to  normal.  Char  transfer 
regained. 
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Hours 

Date 

Time 
1415 

Run 

3/31 

n 

1652 

II 

1735 

II 

2200 

II 

2215 

It 

2325 

50.7 

Description 

Air  removed  from  the  gasifier  side  again. 
Grinding  lignite  in  the  100  area. 
Recycle  flow  out  of  the  gasifier  boot. 
Lowering  acceptor  circulation  in  order  to 
control  a  high  gasifier  bed  density. 
Lost  auxiliary  char  feed  to  the  regenerator. 
Auxiliary  char  feed  coming  back  slowly. 
Upset  occurred  in  the  gasifier  boot.  Cut 
acceptor  circulation  overhead,  lost  acceptor 
circulation  through  LCV-2003.  Attempted  to 
blow  the  gasifier  interface,  however,  indica- 
tions show  that  good  mixing  was  not  accomplished 
Char  transfer  shut  off. 
4/1     0200  Attempting  to  establish  an  interface  without 

success. 

>»      0330  Initiated  plant  shutdown  procedures. 

»»      1300  Unit  depressured. 
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RESULTS  AND  DISCUSSION 


4 . 1    BACKGROUND 


For  the  first  time,  Glenharold  lignite  and  Minnekahta  limestone 
(see  Table  34-3)  were  used  as  feedstocks  for  the  Rapid  City  Pilot  Plant. 
The  Glenharold  lignite  was  a  homogeneous  feedstock  containing  a  medium 
level  of  sodium  (approximately  seven-weight  percent  Na  0  on  a  sulfur  free 
basis).   Previous  bench-scale  studies  indicated  that  high  sodium  concentra- 
tions in  the  coal  ash  could  cause  deposits  in  the  gasifier.  Thus,  one  of 
the  prime  objectives  for  Run  34  was  to  demonstrate  that  these  deposits 
could  be  avoided. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  plant  operation  for  the  Run  34  series  is  summarized  below: 

SUMMARY  OF  PLANT  OPERATION 


Acceptor  Circulation,  Hours 
Process  Conditions,  Hours 
Lignite  Feed,  Hours 
Active  Limestone  Feed,  Hours 

Percent  Steam  to  Gasifier  Boot 

at  Upset  .  100 

4.2.2  Plant  Data 

Tables  34-1  through  34-10  summarize  plant  data  for  Run  34B. 
Run  34A  data  is  not  included  due  to  the  shortness  of  the  run. 

4.2.3  General  Data 

Run  34A  and  Run  34B  were  both  of  short  duration.  As  a  result,  no 
meaningful  information  was  collected  with  regard  to  steady-state  heat 
and  material  balances,  activity  trends  or  intermediate  fines.   In  addi- 
tion, the  methanation  unit  was  not  on  stream. 


Run  34A 

Run  34 B 

29 

68 

13.5 

51 

8 

44 

5 

40 
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4.3    PROBLEMS 

4.3.1  Run  34A 

(1)  Regenerator.  The  regenerator  had  an  extensive  deposit  around  the 
air  ring.  There  was  a  large  hole  in  the  ring  at  the  gas  inlet  and 
14  of  the  24  bubble  caps  were  damaged.  The  damage  apparently  oc- 
curred when  the  air  line  became  detached  from  the  gas  distributor 
ring  sometime  during  the  run.  The  ring  and  connecting  line  were 
both  replaced  prior  to  Run  34B. 

(2)  Recarbonated  Acceptor  Withdrawal  Line,  CD-204.  A  large  refractory 
chunk  was  found  lodged  in  the  lower  spool  piece.  The  chunk  was 
approximately  three  inches  and  four  and  one-half  inches  long. 

The  piece  of  refractory  probably  lodged  in  the  line  during  the 
final  day  of  operation  when  problems  with  the  transfer  of  solids 
from  the  gasifier  boot  were  experienced. 

4.3.2  Run  343 

(1)    Gasifier.  Extensive  deposits  were  found  in  the  gasifier  boot  and 

around  the  side  flow  distributor  ring  (see  Table  34-10  for  analyses). 

The  boot  deposit  extended  approximately  20  inches  into  the 
boot  above  the  bottom  head.  The  deposit  was  hard  and  appeared  to 
consist  of  both  dead-burned  dolomite  and  active  limestone.  The  boot 
gas  distributor  and  the  spent  acceptor  withdrawal  to  the  dump 
hopper  were  covered,  while  the  recarbonated  acceptor  withdrawal  to 
the  standleg  was  restricted.  This  deposit  was  probably  the  re- 
sult of  events  which  occurred  after  the  initial  upset  which  caused 
the  loss  of  acceptor  transfer  from  the  gasifier  boot.  The  acceptor 
particles  probably  fused  together  due  to  conditions  of  high  steam 
partial  pressure  coupled  with  low  boot  temperature. 

The  gasifier  side  flow  gas  distributor  ring  was  covered 
with  a  light  weight  brittle  deposit.  The  deposit  formed  a  tube- 
like structure  in  front  of  the  gas  outlets  on  the  distributor 
ring.  A  comparison  of  the  elemental  analyses  (sulfur  free  basis) 
of  the  Glenharold  lignite  ash  and  the  ring  deposit  reveals  that 
the  deposit  is  apparently  sodium  enriched  lignite  ash.  Under  normal 
operating  conditions,  deposits  of  this  nature  do  not  form  in  the 
gasifier  when  Husky  char  or  Velva  lignite  are  used  as  feedstocks. 
The  high  amount  of  sodiiom  in  the  Glenharold  lignite  ash  is  ap- 
parently responsible  for  the  formation  of  the  ring  deposits. 

During  the  Run  34  startup,  an  air-steam  mixture  was 
fed  to  the  gasifier  through  the  side  flow  gas  distributor. 
This  is  the  standard  method  of  maintaining  the  gasifier  char  bed 
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temperature  until  a  sufficient  acceptor  activity  and  circula- 
tion rate  can  be  achieved  to  supply  the  gasifier  heat  duty.  The 
air  sufficiently  raised  the  temperature  around  the  gas  distributor 
exit  holes  to  cause  some  melting  of  the  Glenharold  lignite  char 
ash.  The  sticky  char  particles  then  adhered  to  the  gas  distrib- 
utor ring  and  eventually  formed  the  deposits. 

Analysis  of  the  inclusions  in  the  distributor  ring  deposit 
(see  Table  34-10)  showed  that  the  inclusions  were  dead-burned 
dolomite.  This  provides  additional  evidence  that  the  distributor 
deposit  formed  early  in  the  run  when  the  circulating  acceptor 
was  primarily  dead-burned  dolomite.  There  is  a  high  probability 
that  the  distributor  deposit  can  be  avoided  by  minimizing  or  elim- 
inating the  use  of  air  injection  into  the  gasifier  when  Glenharold 
lignite  is  used  as  feedstock.  The  startup  procedure  would  need  minor 
modifications. 

(2)  Regenerator  overhead  water  jacketed  line.  Cracks  in  the  liner  pipe 
were  located  at  the  flange  of  the  line  where  it  mates  to  the  regen- 
erator outlet  nozzle.  The  line  was  repaired  and  placed  back  in  service, 

(3)  Recarbonated  acceptor  withdrawal,  CD-204.   Inspection  showed  the 
line  to  be  in  good  condition  and  clear  except  for  a  thin  piece  of 
refractory  which  was  wedged  in  the  line  inlet.  No  other  plugs 

or  obstructions  were  observed. 

(4)  Gasifier  quench  venturi.  The  venturi  and  tee  were  inspected  and 
a  minor,  random  scale  buildup  (1/6-inch  thick)  was  found  in  the 
diverging  section  of  the  venturi.  The  quench  tower  inlet  had  a 
hard,  layered  buildup.  No  visible  buildup  was  observed  in  the 
tower  itself.  This  scale,  a  result  of  CaCO>  precipitation,  was 
minor  and  appears  to  be  adequately  controlled  by  the  Betz  additives 
used  in  the  venturi  and  quench  tower  makeup  water. 

(5)  Gasifier  external  cyclone.  The  bottom  cone  section  was  replaced 
due  to  excessive  metal  erosion. 
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FUTURE  PLANS 


Future  plans  call  for  an  extended  length  of  operation  with  char  feed 
to  the  gasifier.  Char  feed  will  continue  until  all  air  flow  to  the  gasi- 
fier  has  been  removed.   Glenharold  ligrdte  will  then  be  fed  to  the  gasifier. 
This  should  prevent  the  formation  of  ash  derived  deposits  on  the  gasifier 
side  flow  distributor  ring. 
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Date 
Time 

Solids 

Feedstock 

Feed  Rate,  Ib/hr*^^) 
Cyclone  Solids,  Ib/hr 
Quench  Tower  Solids,  Ib/hr 

Gas  Flows  (^2) 

Boot  Recycle,  SCFH 
Boot  Steam,  SCFH 
CO2  to  Boot,  SCFH 
Steam  to  Side,  SCFH 
Air  to  Side,  SCFH 
Purges 

Recycle,  SCFH 

Inert,  SCFH 
Total  Flow  In,  SCFH 
Vent  Rate,  SCFH 

Bed  Conditions 

Boot  Velocity,  fps 
Bed  Velocity,  fps 
Boot  Density,  lb/ft-^C3) 
Bed  Density,  Ib/ft^*^-^^ 
Boot  Temperature,  °F 
Bed  Temperature,  °F 

Overhead  Gas  Compositions,  Mol  % 
CO 
CO2 
N2 
H2 
CH4 


3/30/76  3/30/76  3/30/76  3/31/76  3/31/76  3/31/76 
0700     1500     2300     0700     1500     2300 


1,850 

216 

37 


20,800 
18,100 
0 
30,100 
21,000 

2,730 

990 

93,720 

60,800 


1.94 
0.94 
105 
45 
1476 
1483 


15.8 
14.6 
28.5 
33.5 
5.6 


Glenharold  Lignite 
2,400    2,340    2,340 
222      212      141 
7       14       30 


16,500 
22,200 
970 
30,000 
16,500 

2,750 

860 

89,780 

66,300 


2.08 
0.91 
101 
33 
1499 
1482 


17.0 
14.5 
23.4 
37.6 
7.3 


2,130 

137 

52 


14,300 
26,200 
1,000 
30,400 
11,400 

2,490 

960 

86,750 

60,200 


2.10 
0.87 
96 
36 
1481 
1484 


15.5 
16.4 
18.6 
41.5 
8.0 


6,000 

32,600 

970 

20,700 

2,900 

2,500 

700 

66,370 

45,700 


1.96 
0.64 
90 
33 
1471 
1465 


14.1 
14.7 
10.6 
49.5 
11.1 


0 

33,400 

930 

20,200 

0 

2,920 

830 

58,280 

48,400 


2.00 
0.62 
87 
34 
1492 
1485 


15.0 

9.6 

4.3 

57.8 

11.0 


2,550 

137 

12 


0 

37,200 

970 

20,700 

0 

2,940 

860 

62,670 

53,500 


1.89 
0.61 
81 
39 
1464 
1484 


14.0 
10.1 
5.1 
59.5 
11. 


^2)Determined  by  feeder  rpm  -  422*RPM. 

^3-j Determined  by  orifice  or  rotameter  flow  meter  measurements. 
Determined  by  differential  pressure  measurements. 


Table  34-1.    GASIFIER  DATA  FOR  RUN  34B 
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Date 


Time 


Solids 

Acceptor  Feedstock 
Acceptor  Makeup,  Ib/hr 
Acceptor  Circulation,  Ib/hr 


(1) 


Ash  and  Attrited  Acceptor,  Ib/hr 
Acceptor  Withdrawal,  Ib/hr t^-' 
Auxiliary  Char  Feed,  Ib/hr 

Gas  Flows ^^^ 

Acceptor  Lift,  SCFH 
Char  Lift,  SCFH 
Air  to  Ring,  SCFH 
Recycle  to  Ring,  SCFH 
Purges 

Recycle,  SCFH 

Nitrogen,  SCFH 

Inert,  SCFH 
Total  Flow  In,  SCFH 
Vent  Rate,  SCFH 

Bed  Conditions 

Inlet  Velocity,  fps 
.  Bed  Density,  Ib/ft^f"^-* 
Average  Bed  Temperature,  F 

Overhead  Gas  Analysis,  Dry  Mol  % 
02 
CO 
CO  2 
N2 


(2) 


3/30/76  3/30/76  1/30/76  3/31/76  3/31/76  3/31/76 
0700     1500     2300     0700     1500     2300 


Dead- Burned 

Dolomite 

*^   Minnekahta 

Limestone 

!  ^- 

359 

560 

560 

560 

560 

560 

9,700 

11,200 

10,500 

9,300 

10,000 

11,100 

- 

152 

101 

176 

132 

128 

472 

575 

415 

469 

337 

347 

80 

80 

207 

207 

207 

363 

54,000 

54,000 

53,300 

53,100 

53,900 

53,600 

10,300 

10,200 

10,200 

10,300 

10,100 

10,400 

57,100 

65,700 

70,200 

76,300 

76,900 

81,000 

33,600 

15,500 

10,400 

0 

0 

0 

3,370 

2,700 

2,040 

2,790 

2,820 

2,320 

2,670 

2,550 

2,120 

2,250 

2,040 

1,740 

580 

550 

290 

360 

140 

720 

161,620 

151,300 

148,550 

145,100 

145,900 

149,780 

64,700 

83,000 

83,900 

102,000 

102,000 

105,000 

2.90 

2.70 

2.66 

2.60 

2.62 

2.68 

98 

94 

89 

85 

78 

«2 

1848 

1831 

1820 

1838 

1839 

1820 

0 

0 

0 

0 

0 

0 

2.5 

3.1 

2.0 

6.5 

2.9 

1.2 

20.0 

24.2 

27.2 

25.5 

27.6 

29.4 

77.5 

72.7 

70.8 

68.0 

69.5 

69.4 

(1) 

f2)Determined  by  lift   line  pressure  drop, 
f3^Determined  by  weigh  scale. 

f4^Determined  by  orifice  or  rotameter  flow  measurements. 
Density  determined  by  differential  pressure. 


Table  34-2.    REGENERATOR  DATA  FOR  RUN  34B 
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Screen 

Si 

ze,  Wt 

Tyler  i 

Mesh 

+8 

8 

X 

10 

10 

X 

14 

14 

X 

20 

20 

X 

28 

28 

X 

35 

35 

X 

48 

48 

X 

65 

65 

X 

100 

100 

X 

200 

-200 

Particle  Density,  lb/cube 

Moisture,  Wt  % 

Ultimate  Analysis,  Wt  % 
C 

H  +  Moisture  H 
N 
S 
Ash  +  SO, 

Elemental  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 

P2O5 
AI2O3 

Fe,0, 


Ti( 


Glenharold 
Lignite 

1.4 

2.8 

7.7 

9.2 
19.1 
17.4 
16.5 
11.8 

8.0 

4.8 

1.3 

42.1CI) 
0.2 


65.4 
4.0 
0.9 
0.81 
9.47 


32.27 
16.24 
5.92 
25.10 
6.24 
0.54 
0.04 
8.26 
6.37 
0.28 


Husky  Char  Feed 
to  Regenerator 

0.9 

2.3 

9.2 
13.6 
16.2 
17.1 
14.7 
10.3 

5,3 

5.0 

5.4 


2.4 


72.9 
2.3 
0.7 
1.42 

16.95 


40.97 
19.15 
2.29 
19.39 
4.65 
0.36 
0.04 
8.85 
3.22 
0.21 


Screen  Size,  Wt  % 

Minnekahta 

Tyler  Mesh 

Limestone 

+6 

1.4 

6X8 

30.1 

8X9 

35.5 

9  X  10 

21.4 

10  X  12 

9.5 

12  X  14 

1.6 

14  X  16 

0.2 

16  X  20 

0.1 

20  X  24 

Tr 

24  X  28 

Tr 

-28 

0.1 

3.84 
0.01 
0.05 
94.11 
0.84 
0.05 
0.02 
1.02 
0.42 
0.03 


(1) 


Average  of  seven  bulk  densities. 


Table  34-3.    FEEDSTOCK  COMPOSITES   FOR  RUN  34B 
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Date 


Time 


Screen  Size,  Wt 
Tyler  Mesh 
+6 
6  X 


8 
9 
10 
12 
14 
16 
20 
24 


X 
X 
X 
X 
X 
X 
X 
X 
■28 


8 

9 

10 

12 

14 

16 

20 

24 

28 


Elemental  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 

P2O5 
AI2O3 

Fe203 

Ti02 

Sulfide 


3/30/76 

3/31/76 

4/1/76 

0400 

0800 
0.9 

0000 

1.4 

11.7 

11.2 

0.6 

10.7 

8.7 

14.2 

28.3 

35.5 

23.8 

32.3 

21.7 

41.2 

16.0 

10.6 

4.3 

3.3 

13.6 

1.2 

1.6 
0.3 
1.2 

5.7 

5.86 

6.97 

1.31 

1.33 

0.24 

0.44 

69.01 

67.09 

20.38 

19.84 

0.04 

0.08 

0.02 

0.02 

1.71 

1.79 

1.46 

1.69 

0.08 

0.14 

0.05 

0.18 

Table  34-4.  CALCINED  ACCEPTOR  RETURN  FOR  RUN  34B 
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Date 

Time 

Screen  ! 

3i; 

le,    Wt 

Tyler  Mesh 

f6 

6 

X 

8 

8 

X 

9 

9 

X 

10 

10 

X 

12 

12 

X 

14 

14 

X 

16 

16 

X 

20 

20 

X 

24 

24 

X 

28 

-28 

1 

Particle  Density,  Ib/cu  ft 

Calcine  Weight  Change,  Wt  % 

Activity 

Elemental  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 

P2O5 

AI2O3 

Fe203 

Ti02 

Sulfide 


3/30/76 
0800 


3/30/76 
0800 


170 


3/31/76 
2000 


- 

0.5 

0.5 

0.7 

5.4 

9.7 

0.5 

6.2 

12.5 

5.0 

11.6 

18.1 

30.8 

26.2 

26.1 

34.9 

27.4 

17.7 

19.5 

14.0 

8.1 

6.6 

5.1 

3.0 

1.2 

1.5 

2.3 

0.3 

0.3 

0.6 

0.6 

1.6 

1.4 

-1.5 

-5.7 

-7.1 

0.11 

0.10 

1.69 

7.16 

8.24 

0.87 

1.78 

2.05 

0.08 

0.51 

1.18 

55.21 

67.17 

70.06 

39.57 

18.96 

14.73 

0.01 

0.08 

0.12 

0.96 

2.17 

2.16 

1.40 

1.98 

1.60 

0.10 


0.26 


0.39 


Table  34-5.  RECARBONATED  ACCEPTOR  RETURN  FOR  RUN  34B 
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Date 


Time 


Sample  Typ 

e 

Screen  S 

lize,  V 

Tylei 

•  Mesh 

4 

■8 

8 

X 

9 

9 

X 

10 

10 

X 

12 

12 

X 

14 

14 

X 

20 

20 

X 

28 

28 

X 

35 

35 

X 

48 

48 

X 

65 

65 

X 

80 

80 

X 

100 

100 

X 

200 

- 

200 

%  Char 

%  Ash  +  SO3  in  Char 

Elemental  Analysis, 

Si02 

SO3 

Na20 

CaO 

MgO 

K2O 

P2O5 
AI2O3 

Fe203 

Ti02 


Wt 


3/30/76 

3/31/76 

3/31/76 

0400 

0400 

2000 

Mix 

Acceptor 

Mix 

Acceptor 

Mix 

Acceptor 

0.3 

0. 

8 

5.0 

9, 

0 

7.3 

10.9 

0. 

8 

4. 

5 

10.9 

0.9 

7.2 

13.5 

43. 

,2 

39. 

,3 

32.7 

27.2 

22, 

.0 

31.5 

16. 

,8 

24.1 

11.5 

15.9 

20, 

.3 

13.4 

16, 

.8 

9.8 

14.6 

10.2 

2. 

.5 

7.1 

4, 

.5 

6.5 

5.4 

13.6 

8.6 

8.2 

14.2 

12.2 

11.1 

9.9 

10 

.2 

8.3 

7 

1 

.9 
.1 

8.7 

12.7 
0.6 

6.2 

5.2 

6.5 

1.7 

1.5 
0.1 

3.1 

1.1 

0.6 

53.0 

35.6 

40.5 

20.4 

15.6 

16.7 

24.35 

18.27 

18.36 

14.83 

10.44 

9.12 

3.80 

6.91 

8.58 

27.74 

36.72 

34.01 

9.13 

8.07 

6.82 

0.50 

0.84 

1.16 

10.86 
4.27 

7.68 
6.99 

12.57 
6.43 

Table  34-6.  GASIFIER  CHAR  BED  MATERIAL  FOR  RUN  34B 
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Date 

Time 

Screen  Size,  Wt  % 
Tyler  Mesh 
+35 
35  X  48 
48  X  65 
65  X  100 
100  X  200 
200  X  325 
-325 

Ultimate  Analysis,  Wt  ' 
Moisture 
C 
H 
N 
S 
Ash  +  SO7 

Elemental  Analysis,  Wt 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 
P2O5 
AI2O3 
Fe203 
Ti02 


3/30/76 
0500 


3/31/76 
0200 


3/31/76 
2115 


0.1 

0.6 

0.2 

1.2 

4.4 

2.7 

14.8 

20.6 

15.4 

43.0 

35.5 

35.4 

13.1 

12.8 

29.6 

27.8 

26.1 

16.7 

0 

0 

67.2 

66.9 

1.0 

1.0 

0.3 

0.3 

1.03 

0.52 

29.04 

27.25 

26.24 

38.97 

21.96 

17.00 

8.14 

5.97 

5.27 

7.74 

7.46 

9.67 

21.37 

36.44 

39.68 

6.62 

8.65 

7.52 

0.42 

1.05 

1.42 

- 

0.08 

0.09 

10.09 

8.96 

8.95 

5.58 

7.56 

8.67 

- 

0.39 

0.37 

Table  34-7.  GASIFIER  CHAR  TO  EXTERNAL  CYCLONE  FOR  RUN  34B 
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3/29/76    3/30/76    3/31/76 


Date 

Screen  Size,  Wt  % 
Tyler  Mesh 
+65 
65  X  100 
100  X  325 
-325 

Ultimate  Analysis,  Wt  % 
C 
H 
S 
Ash  +  SO^ 

Elemental  Analysis,  Wt  % 
Si02 
SO3 
Na20 
CaO 
MgO 
K2O 

P2O5 
AI2O3 

Fe203 

Ti02 


0.3 

0.2 

0 

11.5 

6.5 

1.4 

79.7 

67.6 

55.1 

8.5 

25.7 

43.5 

60.6 

63.8 

65.3 

1.2 

1.0 

0.9 

1.59 

0.74 

1.04 

33.48 

27.35 

21.16 

21.27 

19.60 

8.18 

12.82 

2.09 

2.78 

44.37 

39.80 

3.17 

2.55 

0.20 

0.45 

0.17 

0.15 

11.18 

9.50 

8.58 

11.04 

0.60 

0.54 

Table  34-8.  GASIFIER  QUENCH  TOWER  SOLIDS  FOR  RUN  34B 
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Date 

3/30/76 

3/31/76 

3/31/76 

Time 

2330 

0815 

Composite 

Screen  Size,  Wt  % 

Tyler  Mesh 

+35 

1.2 

2.6 

35  X  48 

4.5 

0.5 

4.4 

48  X  65 

9.0 

1.5 

9.0 

65  X  100 

12.1 

3.3 

12.2 

100  X  200 

19.7 

7.7 

20.7 

200  X  325 

12.8 

4.9 

12.8 

-325 

40.7 

82.0 

38.4 

Ultimate  Analysis,  Wt  % 

C 

6.0 

5.2 

5.3 

H 

0.3 

0.2 

0.4 

N 

0.3 

S 

2.0 

2.0 

1.96 

Ash  +  SO3 

97.5 

98.5 

97.8 

Elemental  Analysis,  Wt  % 

Si02 

26.68 

15.36 

24.22 

SO3 

7.62 

12.78 

8.60 

Na20 

5.66 

4.51 

4.34 

CaO 

36.88 

45.47 

43.81 

MgO 

6.86 

8.45 

7.12 

K2O 

0.55 

0.48 

0.48 

P2O5 

0.06 

0.05 

AI2O3 

9.21 

7.83 

7.84 

Fe203 

3.61 

3.92 

3.76 

Ti02 

0.43 

- 

Table  34-9.  ASH  AND  ATTRITED  ACCEPTOR  FOR  RUN  34B 
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RUN  35 


APRIL  13  TO  APRIL  25,  1976 


CO2  ACCEPTOR  PROCESS  GASIFICATION 
PILOT  PLANT 
RAPID  CITY,  SOUTH  DAKOTA 
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1   SUMMARY 

Run  35  was  conducted  in  order  to  demonstrate  the  technical 
feasibility  of  the  CO-  Acceptor  Process  using  coal  feedstocks  with 
moderately  high  sodium  contents.  The  feedstocks  for  the  run  were  Glen- 
harold  lignite  and  local  Minnekahta  limestone.  Although  the  run  was  not 
fully  successful,  enough  data  was  collected  to  provide  additional  insight 
into  the  operational  problems  associated  with  the  new  feedstock.  The 
experience  gained  has  led  to  further  modifications  of  the  startup  pro- 
cedure. These  modifications  will  be  tested  in  the  next  run. 

For  Run  35,  the  startup  and  operating  procedures  were  modified 
to  the  extent  that  the  air  injected  into  the  gasifier  during  startup  was 
removed  while  the  process  feedstock  was  Husky  char.  To  avoid  the  forma- 
tion of  agglomerated  ash  deposits  which  formed  in  the  gasifier  transi- 
tion section  during  Run  34,  no  air  was  to  be  fed  to  the  gasifier  after 
the  feedstock  was  switched  to  Glenharold  lignite.  Early  in  a  run,  air 
is  used  to  maintain  gasifier  temperature  until  the  acceptor  circulation 
rate  and  activity  are  high  enough  to  supply  the  gasifier  duty. 

The  gasifier  bed  density  remained  high  during  most  of  Run  35. 
This  hindered  the  removal  of  air,  thus  delaying  the  increase  in  accep- 
tor circulation.  Since  the  feeding  of  lignite  to  the  gasifier  in  earlier 
runs  always  resulted  in  a  dramatic  decrease  in  the  gasifier  char  bed 
density,  the  decision  was  made  in  Run  35  to  switch  to  Glenharold  lig- 
nite before  the  air  removal  from  the  gasifier  was  completed.  A  lower 
gasifier  char  bed  density  and  increased  acceptor  circulation  resulted. 
This  then  allowed  the  removal  of  the  small  amount  of  remaining  gasifier 
air.  However,  ash  agglomeration  in  the  vicinity  of  the  gasifier  side 
flow  steam  distributor  again  occurred.  The  run  was  finally  terminated 
when  acceptor  transfer  from  the  boot  suddenly  ceased  and  could  not  be  re- 
gained. The  upset  resulted  from  the  plugging  of  the  entrance  to  the 
recarbonated  acceptor  standleg. 
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2   TEST  DATA 

Run  35  data  are  presented  graphically  and/or  tabular ly  at  the 
end  of  this  run  report.  These  figures  and  tables  include: 

Figure  35-1.  Differential  Pressure  Transmitter  Location,  .  .              ^ 
Pressure  Balance  Calculation  '        

Figure  35-2.  Acceptor  Activity  for  Run  35  272 

Figure  35-3.   Intermediate  Fines  Inventory  for  Run  35 
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Table  35-1.  Gasifier  Data  for  Run  35  (2  sheets) 274 

Table  35-2.  Regenerator  Data  for  Run  35  (2  sheets) 276 

Table  35-3.  Coal  Feedstock  Composites  for  Run  35 278 

Table  35-4.  Acceptor  Feedstock  Composites  for  Run  35  279 

Table  35-5.  Calcined  Acceptor  Return  for  Run  35 280 

Table  35-6.   Recarbonated  Acceptor  Return  for  Run  35 281 

Table  35-7.   Purged  Gasifier  Bed  Material  for  Run  35 .282 

Table  35-8.  Regenerator  Fuel  Char  for  Run  35 283 

Table  35-9.   Gasifier  Cyclone  Char  for  Run  35 284 

Table  35-10.  Regenerator  Cyclone  Ash  for  Run  35 285 

Table  35-11.  Regenerator  Purged  Acceptor  for  Run  35  286 

Table  35-12.  Gasifier  Char  to  Organic  Pond  Daily  Composites  .  .             287 

for  Run  35  ^         f  ^o/ 

Table  35-13.  Average  Preheat  Temperatures  for  Run  35 288 

Table  35-14.  Pressure  Balance  Tests  for  Run  35 289 

Table  35-15.   Gasifier  and  Regenerator  Deposits  for  Run  35 290 
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3   SIGNIFICANT  EVENTS  AND  OBSERVATIONS 


3.1    TABULAR  HISTORY  OF  RUN  35 

3.1.1  Objectives 

(1)  To  demonstrate  plant  operability  using  a  moderately  high  sodium 
content  coal  as  the  gasifier  feedstock. 

(2)  Integrated  steady-state  operation  for  two  days  followed  by 
voluntary  shutdown. 

(3)  Operation  of  the  methanation  unit. 

3.1.2  Accomplishments 

Although  lignite  was  fed  to  the  gasifier  for  approximately  103 
hours,  the  run  failed  to  conclusively  demonstrate  that  the  process  was 
tolerant  of  higher  sodium  content  coals.  The  plant  was  shut  down  be- 
fore the  methanation  unit  could  be  placed  on  stream. 

3.1.3  Termination  Causes 

The  run  ended  when  the  transfer  of  solids  from  the  gasifier 
boot  suddenly  ceased.  Plant  instrumentation  indicated  that  a  plug  had 
formed  in  the  boot  at  the  inlet  to  the  recarbonated  acceptor  standleg 
causing  the  acceptor  level  to  rise  into  the  transition  section.  Past 
experience  has  shown  that  this  is  almost  always  fatal. 

3.1.4  Mechanical  Problems 

During  inspection  of  the  gasifier,  a  72  square-inch  metal  plate 
was  found  in  the  boot.  The  plate  was  used  as  a  wall  guide  anchor  for 
the  vertical  temperature  and  pressure  probes  which  are  no  longer  in 
service.  When  the  plate  fell,  some  of  the  gasifier  ring  deposit  may 
have  broken  away  and  then  plugged  the  entrance  to  the  standleg.   It  can 
also  be  postulated  that  the  plate  itself  could  have  blocked  the  entrance 
to  the  standleg.   In  the  attempts  to  regain  control  of  the  boot,  the 
plate  could  have  been  blown  away  from  the  opening. 

3.1.5  Process  Problems 

Run  35  was  hampered  by  continually  high  gasifier  char  bed 
densities.  This  was  primarily  the  result  of  an  accumulation  of  inter- 
mediate fines  (junk)  material  in  the  char  bed.  Due  to  the  high  bed 
density,  acceptor  circulation  could  not  be  increased  enough  to  supply 
the  gasifier  heat  duty  while  Husky  char  was  used  as  feedstock.  This 
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situation  required  the  continued  injection  of  air  into  the  char  bed 
through  the  ring  distributor.   Attempts  to  reduce  the  Husky  char  bed 
density  via  increased  fixed  carbon  burnoff  did  not  produce  the  results 
anticipated. 


3.2 


CHRONOLOGY  OF  OPERATIONS 


Hours 

Date 

Time 
1120 

Run 

4/13 

ti 

2000 

M 

2045 

II 

2400 

4/14 

0030 

II 

0700 

It 

0815 

M 

0900 

H 

2100 

II 

2145 

4/15 

0350 

It 

0405 

It 

1200 

It 

1500 

It 

1655 

It 

1725 

It 

1740 

II 

1810 

1815 


It 

2138 

4/16 

0525 

ti 

0550 

II 

0730 

•t 

1755 

Description 

Began  pressuring  up  the  unit  with  J-309,  char 

lift  gas  compressor. 

Completed  the  static  pressure  test. 

Started  all  recycle  compressors  and  began  gas 

circulation. 

Lit  all  heaters  except  B-205,  lift  gas  heater. 

Began  grinding  char  for  the  preheater. 

Started  the  250°F  refractory  cure  holding 

period. 

B-205  heater  repaired  and  lit. 

Finished  the  refractory  cure  holding  period, 

continuing  with  system  heatup. 

Finished  the  refractory  cure. 

Began  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A,  lignite  feed  lockhopper. 
Transferred  a  batch  of  dead-burned  dolomite 
to  the  regenerator. 

Started  filling  the  regenerator  with  dead -burned 
dolomite  via  F-206,  fresh  dolomite  lockhopper. 
Established  acceptor  circulation. 
Experienced  a  hot  line  on  the  discharge  of 
J-203,  regenerator  recycle  gas  compressors. 
Resumed  solids  circulation  and  began  dead- 
burned  dolomite  makeup. 

Replaced  the  recycle  gas  to  the  gasifier  side 
flow  with  steam. 

Initiated  char  feed  to  the  gasifier  via  F-204A. 
Stopped  acceptor  circulation  to  establish  the 
interface. 

The  interface  established,  resumed  acceptor 
circulation. 

Initiated  air  flow  to  the  gasifier  side. 
Introduced  steam  into  the  gasifier  boot  flow. 
Feeding  auxiliary  char  to  the  regenerator. 
Established  char  transfer. 
Regenerator  at  1800°F. 
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Date    Time 


4/18    0140 


0440 


Hours 
Run 


M 

4/19 
11 

II 

II 

1950 
0115 
0130 
1715 
1903 

4/20 
It 

0730 
1153 

II 

1200 

4/21 

2115 

4/22 

1000 

4/23 
II 

0515 
1720 

II 

1900 

4/24 

0035 

II 

0200 

50 


73.8 


90 


136 


169 


176 


II 

4/25 


0530 

0810 
0400 


Description 

Losing  acceptor  circulation  through  CD-206 
due  to  low  regenerator  bed  level. 
NOTE ;  Discovered  L-204  feeder  with  a  sheared 
pin. 

L-204  feeder  repaired,  regaining  regenerator 
bed  level. 

Charged  F-206  with  6X9  fresh  limestone. 
Started  CO2  gas  to  the  gasifier  boot  flow. 
Started  reducing  air  to  the  gasifier  side  flow. 
Grinding  Glenharold  lignite  for  the  preheat er. 
Began  feeding  a  lignite/char  mixture  to  the 
gasifier  via  F-204B. 

All  air  removed  from  the  gasifier  side  flow. 
Put  air  flow  back  to  the  gasifier  side  flow 
due  to  low  char  bed  temperatures. 
Attempting  to  lower  the  density  of  the  gasi- 
fier bed. 

Started  withdrawing  solids  to  F-215/216 
vessels,  char  removal  lockhoppers. 
Gasifier  density  lowered,  started  increasing 
acceptor  circulation. 
Removed  air  from  gasifier  side  flow. 
Lost  acceptor  circulation  through  LCV-2003. 
Regained  circulation  by  stroking  the  valve. 
Lost  acceptor  circulation  through  LCV-2003  and 
regained  it  by  stroking  the  valve. 
Again  having  problems  transferring  through 
LCV-2003. 

Lost  acceptor  transfer  through  LCV-2003.  Unable 
to  clear  obstruction  in  line.  Definite  signs 
of  a  buildup  in  gasifier.  Shut  off  dolomite 
makeup  and  lignite  feed.   Lowering  gasifier  boot 
heater  and  removing  steam  from  boot  flow. 
Attempting  to  go  to  F-213,  purged  dolomite 
lockhopper  without  success. 
Initiated  shutdown  procedures. 
Depressuring  the  system. 


267 


RESULTS  AND  DISCUSSION 


4.1    BACKGROUND 


Run  35  was  an  attempt  to  prove  the  technical  feasibility  of  the 
CO  Acceptor  Process  using  a  moderately  high  sodium  content  coal   The 
dafa  from  Run  34  indicated  high  sodium  coals  could  not  be  gasifier  con- 
tinually with  air  in  the  gasifier.  The  run  showed  that  highly  localized 
ash  agglomerating  conditions  would  exist  at  the  gasifier  side  distributor 
due  to  the  presence  of  oxygen  in  the  air.   Run  35  was  specifically  mod- 
ified to  avoid  the  use  of  air  when  Glenharold  lignite  was  fed.  The  pro- 
cedure was  to  operate  the  plant  in  such  a  way  to  allow  the  air  to  be 
removed  while  Husky  char  was  the  feedstock,  then  switch  to  Glenharold 
lignite.  Char  feed  rate  and  auxiliary  fuel  char  were  to  be  varied  to 
arrive  at  the  targeted  bed  density.   By  increasing  the  auxiliary  fuel 
char  rate,  the  fixed  carbon  burnoff  in  the  gasifier  could  be  increased 
which  m  turn  would  lower  the  char  bed  density  and  allow  acceptor  cir-' 
culation  to  carry  the  heat  load.  As  it  was,  low  char  bed  densities  were 
not  achieved.   The  high  bed  density  obtained  held  up  the  showering 
acceptor  and  forced  a  reduction  in  circulation  rate. 

When  it  became  apparent  that  the  process  conditions  stipulated  in 
the  startup  procedure  could  not  be  achieved,  the  procedure  was  modified 
Fresh  acceptor  was  then  fed  to  the  process  and  Glenharold  lignite  was 
ted  while  a  small  amount  of  air  was  still  being  injected  into  the  gasi- 
tier.  Even  so,  the  gasifier  bed  density  remained  above  normal.   It  was 
found  that  by  raising  the  feed  rate  in  small  increments,  the  bed  density 
would  drop  enough  to  allow  the  remaining  small  amount  of  air  to  be 
slowly  removed  and  acceptor  circulation  to  be  increased  to  carry  the 
heat  duty.  This  procedure  did  allow  all  the  remaining  air  to  be  removed 
leaving  only  the  lignite  feed  and  acceptor  circulation  rates  to  be 
slowly  increased  to  operating  levels.  Unfortunately,  the  lignite  feed 
rate  was  increased  faster  than  the  process  would  allow  resulting  in  a 
sharp  drop  m  gasifier  bed  temperatures.  This  required  resumption  of 
air  injection  into  the  gasifier. 

Other  attempts  to  lower  the  bed  density  included  operation  of  the 

char  removal  system  and  adjustments  in  the  gasifier  boot  flow   The 

combination  of  these  did  allow  the  air  to  be  removed  before  the  run 
ended. 

One  apparent  benefit  of  the  increased  acceptor  residence  time  in 
the  gasifier  was  the  higher  than  normal  activity  of  the  limestone 
acceptor. 

The  data  from  the  run  indicates  that  even  a  small  amount  of  oxy- 
gen will  create  ash  agglomeration  when  coals  with  moderately  high  sodium 
levels  are  used  as  feedstocks.  Analyses  of  deposits  which  formed  on  and 
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in  front  of  the  side  flow  distributor  and  bubble  caps  showed  high  levels 
of  sodium  (12  to  15  WT  %  Na^O)  and  silica  (45  to  46  WT  %  SiO^) .   (See 
Table  35-15.)  The  deposits  resembled  "fingers"  extending  horizontally 
from  the  bubble  caps  approximately  three  to  six  inches  long  and  one  to 
two  inches  outside  diameter.  Some  of  these  were  found  in  the  boot  and 
one  was  lying  in  the  entrance  to  the  spent  acceptor  standleg. 

4.2  INTERMEDIATE  FINES 

The  high  bed  density  encountered  during  the  run  was  the  result  of 
accumulation  of  intermediate  fines  in  the  gasifier  char  bed.  Figure 
35-3  shows  the  concentration  of  "junk"  material  in  the  gasifier  and 
regenerator  beds  for  Run  35.   For  a  discussion  of  the  procedure  for  de- 
termining the  intermediate  fines  concentrations,  refer  to  the  run  report 
covering  Runs  21,  22  and  23. 

Figure  35-3  shows  that  for  the  majority  of  Run  35  the  fines  con- 
tent of  the  gasifier  char  bed  ranged  between  14  to  16  percent.  During 
more  successful  runs,  such  as  Runs  28B  and  33B,  the  fines  contents  were 
typically  less  than  10  and  12  percent  respectively. 

4.3  REGENERATOR  DEPOSITS 

Separate  incidences  occurred  where  the  regenerator  bottom  tem- 
perature was  allowed  to  exceed  normal  operating  conditions.  The  deposits 
were  made  up  of  mostly  calcium  and  silica  (see  Table  35-15) .  The  de- 
posit formed  its  own  equilibrium  geometry  above  the  air  ring  and  in  no 
way  affected  operations  at  the  plant.   It  consisted  of  three  identi- 
fiable layers  and  extended  13  to  15  inches  above  the  ring. 
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FUTURE  PLANS 


Plans  for  the  next  run  include  further  modifications  of  the  start- 
up and  operating  procedures.   The  gasifier  will  be  charged  with  Husky 
char  and  lined  out  as  usual  with  air  injection  being  used  to  supply  part 
of  the  gasifier  heat  requirements.  Velva  lignite  will  then  be  fed  to 
the  gasifier  and  the  air  will  be  removed  while  on  this  feedstock.  Ex- 
perience has  shown  that  Velva  lignite  is  tolerant  of  air  in  the  gasifier. 
Finally,  when  the  air  is  removed,  the  feedstock  will  be  switched  to  Glen- 
harold  lignite  to  finish  up  the  run. 
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Glenharold  Lignite    Husky  Char 


Mesh  Size,  Wt  % 

8 

10 

14 

20 

19.0 

28 

35 

48 

58.8 

65 

100 

18.2 

200 

Pan 

4.0 

Ultimate  Analysis,  Wt  % 

Moisture 

3.93 

C 

65.89 

M 

4.54 

N 

0.62 

S 

0.87 

Ash  +  SO^ 

5.91 

Hlemental  Analysis,  Wt  % 

Si02 

31.0 

SO3 

19.15 

Na20 

5.81 

CaO 

22.80 

MgO 

5.90 

K2O 

0.62 

P2O5 

0.06 

AI2O3 

7.23 

Fe203 

6.18 

Ti02 

0.22 

23.6 

51.4 

15.5 

9.5 


1.83 
74.62 
2.13 
0.92 
1.78 
12.02 


34.52 
21.39 
3.41 
17.26 
5.53 
0.55 
0.04 
8.20 
7.71 
0.18 


Table  35-3.  COAL  FEEDSTOCK  COMPOSITES  FOR  RUN  35 
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Date 

4/18 

4/19 

4/20 

4/21 

4/22 

4/23 

Time 

0800 

0800 

0800 

0800 

0800 

0800 

Mesh  Size, 

,  wt 

% 

6 

0.3 

0.6 

0.8 

0.8 

8 

0.5 

3.6 

10.1 

14.4 

16.9 

21.6 

9 

0.4 

3.9 

11.0 

15.8 

20.5 

23.0 

10 

8.9 

8.0 

16.8 

19.1 

21.0 

21.4 

12 

35.2 

29.3 

23.9 

17.8 

15.0 

11.7 

14 

32.4 

30.6 

20.1 

14.5 

10.5 

8.0 

16 

15.8 

15.5 

10.6 

6.9 

5.2 

3.8 

20 

4.7 

6.0 

4.1 

5.2 

4.1 

3.2 

24 

1.0 

1.6 

1.7 

2.7 

2.5 

2.5 

28 

0.3 

0.5 

0.3 

0.7 

0.9 

1.3 

Pan 

0.7 

1.1 

1.0 

2.5 

2.5 

2.7 

Bulk  Dens: 

Lty, 

Ib/ft^ 

160 

154 

136 

125 

125 

Activity 

0.13 

0.16 

0.21 

0.19 

0.23 

%   Calcine 

Wei; 

ght  Change 

-0.9 

-4.1 

-6.8 

-11.4 

-10.1 

-12.1 

Elemental 

Analysis,  Wt  % 

Si02 

4.91 

3.61 

6.30 

9.19 

10.60 

9.82 

SO3 

1.57 

1.07 

1.73 

2.83 

2,44 

2.87 

Na20 

0.17 

0.20 

0.33 

0.63 

0.63 

0.63 

CaO 

51.34 

62.61 

65.58 

73.53 

70.98 

78.32 

MgO 

37.40 

29.89 

23.92 

10.03 

9.94 

3.48 

KO 
P|0^ 

0.02 

0.02 

0.19 

0.08 

0.05 

0.04 

0.01 

Tr 

0.01 

0.01 

0.02 

0.01 

AI2O3 

1.70 

1.33 

1.86 

1.47 

2.83 

2.98 

Fe203 

1.98 

1.50 

1.36 

1.68 

1.79 

1.81 

TiOo 

0.20 

0.07 

0.07 

0.10 

0.11 

0.08 

S= 

0.20 

0.72 

0.92 

1.00 

0.99 

Table  35-6.  RECARBONATED  ACCEPTOR  RETURN  FOR  RUN  35 
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Temperature,  '^F 


Gasifier 


Lignite  Feed  330 

Boot  Heater  Outlet  1450 

Boot  Inlet  Gas  I440 

Side  Flow  Heater  Outlet  1480 

Regenerator 

Air  Heater  Outlet  .  800 

Air  Inlet  to  Regenerator  840 

Acceptor  Lift  Gas  Heater  Outlet  1400 

Lift  Gas  Temperature  at  Engager  Pot  1340 

Char  Lift  Gas  Heater  Outlet  800 

Char  Lift  Station  Temperature  770 

Char  Disengager  Pot  Temnerature  590 


Table  35-13.  AVERAGE  PREHEAT  TEMPERATURES  FOR  RUN  35 
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RUN  36 


MAY  6  TO  MAY  13,  1976 


CO  ACCEPTOR  PROCESS  GASIFICATION 

PILOT  PLANT 

RAPID  CITY,  SOUTH  DAKOTA 
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SUMMARY 


Run  36  was  highlighted  by  the  debut  of  an  imaginative  and  highly- 
successful  startup  procedure  for  Glenharold  lignite.  The  procedure 
entailed  starting  up  with  dead-burned  dolomite  and  Husky  char,  then 
switching  to  Minnekahta  limestone  and  Velva  lignite,  followed  by  the 
addition  of  Glenharold  lignite  after  all  air  was  removed  from  the 
gasifier. 

The  run  was  not  of  sufficient  length  to  achieve  steady-state  con- 
ditions for  which  heat  and  material  balance  data  could  be  obtained. 
However,  the  startup  was  exceptionally  smooth  and  operations  had  pro- 
gressed well  past  the  point  where  all  recycle  and  air  had  been  removed 
from  the  gasifier.  The  Velva  lignite  used  for  startup  was  completely 
replaced  in  the  gasifier  char  bed.  Approximately  50  percent  of  the 
original  dead-burned  dolomite  had  been  replaced  with  fresh  limestone 
acceptor  prior  to  shutdown. 

During  the  final  day  of  the  run,  the  plant  was  buffeted  by  high 
winds.  The  winds  which  exceeded  sixty  miles  per  hour  at  times  caused 
eight  short  power  dips.  The  plant  operation  was  only  slightly  upset  by 
each  of  these  dips.  The  end  of  the  run  was  enigmatic.  The  plant  oper- 
ation was  exceptionally  smooth  when  suddenly  acceptor  circulation  through 
the  lower  standleg  was  lost.  This  caused  a  boot  upset  from  which  it  was 
impossible  to  recover. 

The  catalyst  in  the  packed-tube  methanator  was  reduced  during 
this  run. 
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2   TEST  DATA 

Run  36  data  are  presented  graphically  and  tabularly  at  the  end  of 
this  run  report.  These  figures  and  tables  include: 

Page 

Figure  36-1.  Differential  Pressure  Transmitter  Location  303 

Pressure  Balance  Calculation 

Figure  36-2.  Acceptor  Activity  for  Run  36 304 

Figure  36-3.   Intermediate  Fines  Inventory  for  Run  36 305 

Table  36-1.  Gasifier  Data  for  Run  36 30b 

Table  36-2.  Regenerator  Data  for  Run  36 30" 

Table  36-3.  Feedstock  Composites  for  Run  36 30S 

Table  36-4.  Circulated  Calcined  Acceptor  for  Run  36  309 

Table  36-5.  Circulated  Recarbonated  Acceptor  for  Run  36 310 

Table  36-6.  Gasifier  Char  Bed  Material  for  Run  36 311 

Table  36-7.  Gasifier  Char  to  External  Cyclone  for  Run  36 312 

Table  36-8.  Gasifier  Char  to  Organic  Pond  Composites  for  Run  36  315 

Table  36-9.  Acceptor  Withdrawal  for  Run  36 314 

Table  36-10.  Ash  and  Attrited  Acceptor  Composites  for  Run  36 315 

Table  36-11.  Pressure  Balance  Data  for  Run  36 316 

Table  36-12.  Regenerator  Deposit  Analysis  for  Run  36 31" 
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SIGNIFICANT  EVENTS  AND  OBSERVATIONS 


3.1     TABULAR  HISTORY  OF  RUN  36 

3.1.1  Objectives 

(1)  To  demonstrate  the  workability  of  a  new  startup  procedure  for 
Glenharold  lignite. 

(2)  To  demonstrate  plant  operability  using  a  medium  sodium  lignite  as 
a  feed. 

(3)  To  achieve  a  two-day  steady-state  balance  period  for  which  heat 
and  material  balance  data  could  be  collected. 

(4)  To  reduce  the  methanation  catalyst  in  the  packed-tube  reactor  and 
then  operate  the  methanation  unit  to  produce  pipeline  quality 
gas. 

3.1.2  Accomplishments 

(1)  Demonstrated  the  operability  of  the  new  startup  procedure  for 
Glenharold  lignite.  The  startup  went  very  smoothly  and  the  new 
procedure  in  which  the  air  was  removed  from  the  gasifier  while 
feeding  Velva  lignite  prevented  the  formation  of  the  ash-based 
deposits  found  in  Runs  34B  and  35. 

(2)  Reduced  the  methanation  catalyst. 

3.1.3  Termination  Cause 

The  run  was  ended  as  a  result  of  a  gasifier  boot  upset  which  was 
initiated  by  the  loss  of  acceptor  circulation  through  the  lower  stand- 
leg,  CD-204. 

3.1.4  Mechanical  Problems 

(1)     The  major  source  of  mechanical  problems  for  this  run  was  in  the 
grinding  area: 

(a)  Problems  with  the  screw  conveyor  feeding  lignite  to 
the  surge  bin  ahead  of  the  roller  mill  caused  the 
loss  of  feed  to  the  preheater  for  a  few  hours  and 
greatly  dropped  the  level  in  the  preheater.  The  prob- 
lem was  a  loose  support  bearing  which  was  removed. 

(b)  The  Redler  conveyor  stopped  a  number  of  times  due  to 
a  sticking  level  switch  on  the  lignite  surge  bin. 
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(c) 


The  ground  coal  scalping  screen  oversize  line  contin- 
ually plugged  due  to  the  high  amount  of  moisture  in 
the  coal. 


(2)  The  water  cooler  on  the  unit  gas  generator  developed  a  tube  leak 
which  was  repaired.  A  leak  on  the  water  jacket  surrounding  the 
firing  tube  was  also  discovered  but  could  not  be  repaired  until 
after  the  plant  shutdown. 

(3)  During  the  middle  of  the  run,  the  acceptor  circulation  suddenly- 
decreased  because  a  piece  of  refractory  was  laying  on  valve 
TCV-2030.  This  upset  was  not  serious,  since  opening  the  valve 
and  increasing  the  balance  gas  purge  yielded  enough  circulation 
to  maintain  the  gasifier  temperature. 

(4)  The  regenerator  gas  distributor  ring  was  extensively  damaged 
during  the  final  upset.   Part  of  the  ring  and  twelve  bubble  caps 
on  the  top  of  the  ring  were  found  missing  after  the  shutdown.  A 
new  ring  was  installed. 

(5)  Some  tube  metal  loss  was  found  in  the  char  lift  gas  heater,  B-204 
The  condition  of  the  tubes  was  still  acceptable.  The  maximum 
process  outlet  temperature  will  be  reduced  to  800°F  and  the 
heater  will  be  inspected  after  each  future  run. 

3.1.5   Process  Problems 

As  the  run  progressed,  high  levels  of  sodium  from  the  Glenharold 
lignite  ash  accumulated  in  the  circulating  acceptor  inventory.  Sub- 
sequent laboratory  tests  have  demonstrated  that  the  transfer  of  sodium 
to  the  acceptor  results  in  a  material  which  agglomerates  easily  at  the 
temperature  and  steam  partial  pressure  normally  present  in  the  gasi- 
fier boot.  The  experiments  also  indicated  that  the  acceptor  agglomera- 
tion could  be  avoided  by  making  slight  changes  in  the  boot  operating 
conditions. 


3.2 


CHRONOLOGY  OF  OPERATIONS 


Date 


5/6 


Time 

0910 
1130 
1200 

1745 
1800 

1900 
2330 


Hours 
Run 


Description 

Started  up  the  unit  with  air. 

System  pressured  up. 

Started  static  pressure  test  to  determine 

leak  rate. 

Finished  the  static  pressure  test. 

J-309,  char  lift  gas,  compressor  placed  on 

line  and  all  recycle  gas  compressors  started, 

Lit  all  process  heaters. 

System  at  250°F,  started  first  refractory 

cure  holding  period. 
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Hours 
Date      Time     Run 


Description 


(1 

1600 

ff 

1630 

It 

1730 

II 

1900 

II 

2030 

i/8 

0406 

II 

0720 

11 

0805 

M 

0935 

II 

1120 

II 

1445 

II 

1510 

II 

1615 

5/7      0730  Finished  the  refractory  cure  holding  period 

and  increasing  system  temperature. 
Grinding  char  for  the  preheater. 
System  at  700°F,  starting  second  refractory 
cure  holding  period. 

Initiated  heater  differential  pressure  tests. 
Finished  the  heater  differential  pressure 
tests. 

Finished  the  second  refractory  cure  holding 
period,  raising  system  temperatures. 
Started  feeding  dead-burned  dolomite  to  the 
gasifier  via  F-204A,  fresh  lignite  feed 
lockhopper. 

Transferred  a  batch  of  dead-burned  dolomite 
from  the  gasifier  to  the  regenerator. 
Filling  the  regenerator  with  dead-burned 
dolomite  via  F-206,  fresh  dolomite  feed 
lockhopper. 

Finished  grinding  char  for  the  preheater. 
Placed  the  zinc  oxide  units  on  line. 
Initiated  solids  circulation. 
Began  solids  circulation  tests. 
Finished  solids  circulation  tests.  Started 
lift  line  gas  flow  tests. 
1840  Finished  lift  line  gas  flow  tests.  Opened 

steam  flow  to  gasifier  side  ring. 
Feeding  char  to  the  gasifier. 
Initiated  air  flow  to  the  gasifier  side  ring. 
Started  steam  to  the  gasifier  boot  flow. 
Began  feeding  auxiliary  char  to  the  regenerator, 
Established  char  transfer. 
0      Regenerator  at  ISOO^F. 

Dumping  the  remaining  char  in  the  preheater  to 

to  tote  bins. 

Grinding  Velva  lignite  for  the  preheater. 

Started  feeding  lignite  to  the  gasifier. 

Closed  LCV-2002,  char  transfer  valve,  manually 

in  order  to  maintain  the  gasifier  bed  level. 

Increased  acceptor  circulation. 

Lost  L-156,  char  conveyor  screw,  and  unable 

to  grind  lignite. 

CO2  flow  started  to  the  gasifier  boot. 

Started  lignite  conservation  procedures. 

L-156  repaired,  resumed  grinding  lignite. 

Plant  returned  to  normal  operating  conditions. 

Initiated  air  removal  procedures. 


M 

1917 

II 

2305 

5/9 

0120 

11 

0445 

II 

0500 

It 

0810 

II 

1400 

II 

1600 

It 

1840 

ti 

2100 

fi 

2200 

It 

2245 

II 

2300 

5/10 

0001 

It 

0030 

II 

0035 

II 

0230 
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Hours 

Date 

Time 
1520 

Run 

5/10 

31.2 

1700 

1800 

2015 

2100 

2200 

5/11 


5/12 


2400 
2400 


63.8 


0030 
0050 
1231-1815 
1915 


83 


712 

2000 
2230 

/13 

0945 
1000 

Description 

All  air  out  of  the  gasifier. 
Redler  conveyor  sheared  a  pin  stopping  lig- 
nite grinding. 

Redler  conveyor  repaired,  grinding  lignite 
again. 

Recycle  gas  removed  from  the  gasifier  boot 
flow 

Redler  conveyor  sheared  a  pin. 
Redler  conveyor  repaired,  started  grinding 
Glenharold  lignite  to  the  preheater. 
NOTE:  Experienced  several  hours  of  erratic 
auxiliary  char  feed  which  has  finally  smoothed 
out. 

NOTE:  Oversize  return  line  in  the  100  area 
prone  to  plugging. 

200  area  running  smoothly.  Methanation  catalyst 
being  reduced.   100  area  operation  slowed  down 
by  high  baghouse  differential  pressure  and 
plugging  of  ground  coal  scalping  screen  and 
oversize  line. 

Slowly  losing  calcined  acceptor  circulation 
through  CD-206. 

Calcined  acceptor  circulation  reliability 
improved. 

Experienced  a  total  of  eight  power  dips  due 
to  high  winds. 

High  gasifier  boot  level  due  to  inability 
to  transfer  acceptor  from  the  gasifier  boot, 
stopped  acceptor  makeup  and  acceptor  over- 
head circulation.   Intentionally  blew  away 
gasifier  boot  interface  by  increasing  boot 
gas  flow. 

Stopped  grinding  Glenharold  lignite. 
Shut  off  auxiliary  char  feed  to  the  regen- 
erator, preparing  to  shut  down  the  unit. 
Emptying  the  preheater  of  lignite. 
Starting  to  depressure  the  system. 
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RESULTS  AND  DISCUSSION 


4 . 1     BACKGROUND 

The  two  previous  runs  (34B  and  35)  both  used  Glenharold  lignite 
as  a  feed.  The  gasifier  deposits  found  after  these  two  runs  indicated 
that  air  could  not  be  present  in  the  gasifier  while  Glenharold  lignite 
was  in  the  char  bed.   The  startup  procedure  was  modified  in  Run  35  so 
that  all  air  would  be  removed  from  the  gasifier  while  feeding  Husky  char. 
However,  this  did  not  work  very  well  since  the  density  in  the  gasifier 
bed  was  too  high  to  allow  a  circulation  rate  high  enough  to  enable  re- 
moval of  all  the  air.  Thus,  for  Run  36  a  new  startup  procedure  was 
developed  in  which  all  the  air  was  removed  while  Velva  lignite  was  being 
fed  to  the  gasifier.   The  Glenharold  lignite  was  then  fed  after  all  air 
had  been  removed. 

During  April  it  was  discovered  that  catalyst  had  been  lost  from 
the  packed-tube  methanation  reactor  during  some  gas  flow  tests  conducted 
after  Run  33.  A  momentary  flow  reversal  during  the  tests  blew  some  of 
the  catalyst  backwards  out  of  the  tubes.  The  reactor  was  repacked  and 
a  check  valve  installed  in  the  line.   It  was  therefore  necessary  to  reduce 
the  catalyst  in  the  beginning  of  Run  36  so  that  the  methanation  unit  could 
be  put  on  stream  later  in  the  run. 

4.2    ACCOMPLISHMENTS 

4.2.1  Major  Operational  Achievements 

The  pilot  plant  operations  for  Run  36  are  summarized  below; 

SUMMARY  OF  PLANT  OPERATIONS 

Hours  of  Operation 

Without  Glen-    100% 

Accep.   Process   Fresh   Air  In    Velva  harold    Steam 
Cir.    Cond.    Accep.  Gasifier  Lignite  Lignite  To  Boot 

100      83       70       52       32      40       47 

4.2.2  Plant  Data 

Tables  36-1  through  36-11  summarize  the  plant  data  for  Run  36. 
Operating  conditions  are  shown  in  Tables  36-1  and  36-2.  Feedstock 
composite  analyses  are  presented  in  Table  36-3.  Effluent  and  circu- 
lated process  stream  solids  analyses  are  presented  in  Tables  36-4 
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through  36-10.  Plant  pressure  balance  data  is  presented  in  Table  36-11. 
The  calculated  pressure  balances  are  included  at  the  bottom  of  the  table. 
Locations  and  elevations  for  the  pressure  points  are  shown  in  Figure 
36-1.  The  raw  pressure  balance  data  was  corrected  as  described  in  the 
Run  17  report  and  then  forced  to  converge  as  described  in  Run  28  report. 
Table  36-12  contains  the  analyses  by  size  fraction  of  the  dust-like 
deposit  found  on  the  walls  of  the  regenerator. 

4.2.3  Activity  and  Intermediate  Fines 

As  shown  in  Figure  36-2,  Run  36  did  not  last  long  enough  to  allow 
complete  change  out  of  the  dead-burned  dolomite  inventory.  Figure  36-3, 
a  plot  of  the  intermediate  fines  inventory  in  both  the  gasifier  and 
regenerator,  shows  that  the  current  acceptor  withdrawal  system  is  capable 
of  preventing  a  buildup  of  intermediate  fines  while  using  Glenharold  lig- 
nite feed. 

4.2.4  Methanation  Catalyst  Reduction 

Prior  to  reducing  the  catalyst  the  methanation  unit  was  purged  and 
then  the  zinc  oxide  reactor  was  heated  to  about  650  F  using  the  HDS  fur- 
nace. The  packed-tube  methanator  was  then  heated  to  650  F  with  hot 
Dowtherm  liquid.  Hydrogen  was  introduced  to  the  system  until  the  concen- 
tration reached  50  percent  hydrogen  by  volume.  The  hydrogen  concentration 
was  maintained  at  this  level  until  the  available  hydrogen  was  consumed. 
The  gasifier  upset  which  terminated  the  run  occurred  before  the  methana- 
tion unit  could  be  put  on  line. 

4 . 3    PROBLEMS 

4.3.1  Deposits 

A  massive  agglomerated  limestone  deposit  was  found  in  the  gasifier 
boot  after  shutdown.  The  deposit,  which  filled  virtually  the  entire 
boot,  extended  all  the  way  above  the  gas  distributor  ring  and  into  the 
transition  zone.  Above  the  gasifier  bottom  head  flange  the  deposit  con- 
sisted of  active  acceptor.  This  part  of  the  deposit  was  formed  during 
the  shutdown.   Below  this  area  there  was  a  mixture  of  active  acceptor 
and  dead-burned  dolomite.  This  mixture  filled  the  center  of  the  boot. 
About  three-fourths  of  the  boot  circumference  was  covered  with  an  annular 
deposit  consisting  mainly  of  dead-burned  dolomite.   This  deposit  which  is 
frequently  found  after  a  shutdown  completely  covered  the  outlet  to  F-213. 
In  front  of  the  entrance  to  the  recarbonated  acceptor  standleg  there  was 
a  sizeable  void  area.  The  remainder  of  the  boot  was  filled  with  a  three 
to  five  inch  layer  of  dead-burned  dolomite  directly  on  top  of  the  boot 
gas  distributor  with  holes  for  the  boot  flow  to  pass  up  through. 

The  formation  of  the  dead-burned  dolomite  deposits  is  apparently 
the  result  of  the  gasifier  boot  design.  Since  the  boot  gas  distributor 
is  lower  in  the  boot  than  the  inlet  to  the  recarbonated  acceptor  standleg. 
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the  dead-burned  dolomite  which  first  covers  the  boot  distributor  cannot 
be  removed  and  thus  stays  in  the  boot  for  the  entire  run.  Also,  since 
the  boot  distributor  is  not  "perfect,"  there  are  localized  areas  between 
the  bubble  caps  or  around  the  edges  of  the  distributor  where  the  dead- 
burned  dolomite  is  not  fluidized.   In  these  areas  the  dead-burned 
dolomite  will  eventually  agglomerate.  Agglomeration  appears  to  be  due 
to  the  dolomite  surface  becoming  active  so  that  crystallites  between 
touching  particles  grow  together.   Since  the  gasifier  boot  seeks  a 
stable  geometry,  the  dead-burned  dolomite  deposits  normally  do  not  cause 
any  apparent  operational  problems.  However,  in  the  future,  if  it  is 
desired  to  eliminate  these  deposits,  the  boot  withdrawal  and  gas  distri- 
bution configurations  will  need  to  be  redesigned. 

Since  the  inlet  to  the  recarbonated  acceptor  standi eg  was  found  to 
be  free  of  obstructions,  the  exact  cause  of  the  boot  upset  which 
resulted  in  the  plant  shutdown  is  unknown  at  this  time.   One  possible 
explanation  is  that  sodium,  which  was  transferred  from  the  Glenharold 
lignite  ash  to  the  acceptor  as  shown  in  Tables  36-5  and  36-9,  accumu- 
lated to  a  level  which  caused  the  acceptor  to  become  "sticky"  (melt 
formation)  under  the  gasifier  operating  conditions.  The  acceptor  in  the 
boot  then  agglomerated.  This  supposition  was  experimentally  tested  at 
Conoco  Coal's  research  facilities  in  Library,  Pennsylvania. 

A  series  of  tests  were  conducted  during  which  samples  of  non- 
fluidized  spent  acceptor  from  Run  36  were  individually  exposed  to 
conditions  of  constant  temperature  and  steam  partial  pressure.  The 
temperature  and  steam  partial  pressure  ranges  studied  were  1400°  to 
ISOO^F  and  9  to  11  atmospheres  respectively.  These  tests  clearly  showed 
that  acceptor  agglomeration  was  favored  by  low  temperatures  and  high 
steam  partial  pressures.  The  tests  also  demonstrated  that  for  the 
acceptor  sodium  levels  experienced  during  Run  36  agglomeration  could  be 
avoided  by  maintaining  the  boot  temperature  near  1500°F  and  reducing  the 
steam  partial  pressure  to  a  maximum  of  nine  atmospheres. 

A  dusty  reddish-orange  deposit  was  found  coating  the  walls  near 
the  top  of  the  regenerator.  This  material  was  around  the  entire  circum- 
ference, about  three-quarters  of  an  inch  thick.  The  deposit  was  very 
soft  and  sandy  with  a  composition  similar  to  that  of  the  ash  and  at- 
trited  acceptor  recovered  in  the  first  cyclone  as  shown  in  Tables  36-10 
and  36-12.  The  deposit  contained  a  much  larger  portion  of  +65  mesh 
particles  than  the  material  from  the  cyclone  and  is  seemingly  composed 
of  the  larger  ash  and  attrited  acceptor  particles  which  settled  out  of 
the  regenerator  flue  gas.  During  the  run  no  operational  problems  could 
be  attributed  to  the  formation  of  this  deposit.  This  material  is  not 
expected  to  cause  problems  in  future  runs  due  to  its  extreme  friability. 

4.3.2     Regenerator  Ring  Destruction 

The  regenerator  ring  was  found  to  be  severely  damaged  during  the 
plant  shutdown.  The  damage  was  caused  by  a  high  CO  content  in  the  regen- 
erator recycle  gas  during  the  final  upset.  This  high  CO  was  caused  by 
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a  rapid  removal  of  air  from  the  regenerator  ring  coupled  with  an  increase 
in  the  rate  of  auxiliary  fuel  char  addition.   It  appears  that  the  seal 
on  LCV-2002  was  lost  for  about  twenty-five  minutes  while  auxiliary  char 
feed  was  increased,  causing  a  buildup  of  char  in  the  char  lift  line.   The 
seal  was  then  regained,  and  for  about  ten  minutes  the  char  was  blown  into 
the  regenerator.   By  this  time  much  of  the  air  had  been  removed  from  the 
ring.   The  low  air  rate  and  sudden  increase  in  char  feed  to  the  regenera- 
tor caused  the  CO  level  in  the  regenerator  recycle  gas  to  rise  drastically, 
eventually  reaching  twenty  percent.   The  burning  of  this  high  CO  gas  in 
the  ring  yielded  temperatures  above  2200  F  which  partially  destroyed  the 
ring. 
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FUTURE  PLANS 


After  Run  36  the  decision  was  made  to  switch  the  coal  feedstock 
to  Rosebud  subbituminous  coal  which  has  a  low  sodium  content  in  its 
ash.   This  was  done  to  allow  time  for  performing  and  evaluating  the 
acceptor  agglomeration  experiments.   In  the  near  future,  Glenharold  lig- 
nite will  again  be  used  as  feedstock.  However,  during  the  run  the  steam 
partial  pressure  in  the  gasifier  boot  will  be  maintained  at  nine  at- 
mospheres by  adding  some  recycle  gas  to  the  boot  flow. 
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Date 


5/9/76   5/10/76   5/11/76   5/12/76 


Screen  Size,   Wt  % 

Tyler  Mesh 

+  35 

1.5 

6.8 

1.1 

1.8 

35   X  48 

0.9 

12.9 

1.1 

0.8 

48  X  65 

2.8 

12.4 

2.2 

2.0 

65  X  100 

14.8 

8.8 

6.2 

5.8 

100  X  200 

7.1 

8.4 

42.4 

17.0 

200  X  325 

54.9 

47.2 

43.2 

56.0 

-325 

17.9 

3.4 

3.8 

16.8 

Ultimate  Analysis,   Wt  % 

C 

61.9 

61.4 

66.8 

76.1 

H 

1.0 

1.0 

1.0 

1.0 

N 

0.32 

0.27 

0.31 

0.34 

Total  S 

1.01 

0.94 

0.81 

0.70 

Ash 

31.47 

30.08 

21.46 

16,71 

Elemental  Analysis,   Wt  % 

Si02 

29.26 

20.82 

21.60 

20.90 

SO3 

8.90 

8.41 

8.89 

9.82 

Na20 

2.94 

3.80 

5.48 

4.40 

CaO 

31.37 

42.43 

37.53 

40.34 

MgO 

5.27 

4.67 

3.93 

3.43 

K2O 

0.23 

0.44 

0.56 

0.60 

P2O5 

0.22 

0.44 

0.37 

0.20 

AI2O3 

13.76 

13.81 

12.47 

11.15 

Fe203 

5.48 

5.72 

8.51 

9.27 

Ti02 

0.55 

0.18 

0.46 

0.43 

Table  36-8.  GASIFIER  CHAR  TO  ORGANIC  POND  COMPOSITES  FOR  RUN  36 
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Date 

-^r-   5/10/76  ^^ 

C  /  1  1  /7£. 

^  S/U 

)  /  Tz: 

—  D/  1  1/  /O     • 

■^ 

!/76  ^- 

Time 

1900 

2300 

0300 

1330 

1710 

0300 

1150 

* 

Range 

dPR- 

Chart 

Zero 

In.  W.C. 

2030 

-10/10 

9.0 

554.0 

4.5 

4.5 

4.3 

3.0 

3.4 

3.4 

1.5 

2089 

0/100 

4.2 

25 

33 

31 

31 

40 

32 

39 

19 

2088 

0/100 

3.0 

168.7 

33 

34 

30 

42 

30 

28 

27 

2087 

0/100 

3.0 

43.7 

65 

66 

66 

61 

58 

51 

58 

2094 

0/100 

3.0 

53.9 

56 

59 

58 

53 

60 

53 

54 

2093 

0/100 

3.0 

115.4 

35 

37.5 

36 

33 

31 

28 

29 

2001 

0/100 

3.0 

126.2 

19 

20 

19 

18 

17 

15 

16 

2002 

0/100 

3.0 

57.1 

40 

40 

40 

39 

37 

35 

30 

2083 

0/100 

3.0 

57.7 

61 

60 

59 

55 

52 

47 

43 

2019 

0/100 

4.2 

300.0 

22 

26 

24 

30 

26 

22 

35 

2037 

-10/10 

9.0 

40.0 

-1.6 

-1.6 

-2.0 

-1.5 

-1.6 

-0.4 

-1.5 

2021 

0/100 

4.2 

50.0 

95 

94 

88 

88 

86 

75 

78 

2022 

0/100 

4.8 

25.0 

63 

61 

55 

55 

53 

48 

50 

2073 

0/100 

3.0 

150.0 

42 

41 

40 

37 

33 

30 

28 

2074 

0/100 

3.0 

180.0 

64 

63 

60 

60 

51 

39 

43 

2075 

0/100 

3.0 

180.0 

62 

63 

63 

60 

56 

51 

46 

2076 

0/100 

3.0 

144.0 

43 

45 

43 

42 

39 

36 

33 

2077 

0/100 

3.0 

144.0 

8 

18 

15 

20 

20 

20 

18 

2024 

0/100 

4.2 

98.6 

46 

46 

42 

38 

37 

36 

27 

2025 

0/100 

4.2 

300.0 

35 

34 

32 

28 

27 

26 

17 

2026 

-10/10 

9.0 

40.0 

-2.3 

-2.3 

-2.2 

-2.2 

-2.3 

-2.3 

-5.0 

2102 

0/100 

4.2 

100.0 

37 

37 

37 

45 

49 

46 

46 

2020 

0/100 

4.2 

300.0 

59 

66 

65 

65 

57 

50 

63 

2036 

-10/10 

9.0 

20.0 

-2.0 

-2.0 

-2.0 

-1.5 

-0.5 

-0.4 

-0.4 

2028 

0/100 

4.8 

50.0 

61 

66 

66 

62 

63 

55 

60 

2080 

-2/2 

9.0 

40.0 

68 

71 

71 

71 

70 

68 

69 

* 
Location 

Pressure,  In.  W, 

.C. 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2 

64.7 

64.1 

59.0 

77.2 

57.2 

53.5 

47.5 

3 

171.8 

175.5 

168.5 

178.0 

157.5 

143.0 

140.8 

4 

260.2 

263.9 

255.4 

260.5 

235.1 

213.7 

206.6 

5 

300.5 

316.5 

301,8 

326.3 

287.7 

253.6 

286.9 

6 

297.0 

313.1 

297.6 

323.1 

284.3 

252.7 

283.7 

7 

235.3 

251.6 

240.7 

266.2 

228.6 

203.4 

231.7 

8 

175.6 

192.7 

183.5 

213.3 

180.9 

160.1 

190.6 

9 

-110.5 

-104.5 

-97.7 

-77.1 

-74.9 

-68.3 

-30.0 

10 

-123.1 

-132.1 

-120.2 

-108.5 

-105.6 

-100.1 

-58.6 

11 

4.7 

4.6 

4.5 

4.2 

4.5 

4.3 

9.5 

12 

96.3 

96.0 

90.7 

116.4 

100.4 

93.8 

88.4 

13 

229.0 

249.8 

240.8 

266.3 

228.9 

202.5 

235.7 

14 

219 . 8 

240.4 

231.5 

259.3 

226.6 

200.6 

233.8 

15 

183.0 

201.3 

192.2 

222.0 

189.1 

167.4 

198.2 

,, Refer  to  Figure  1 . 
Static  pressure  at  Location  1  is  150  psig. 
Pressures  given  are  differential  pressures  from  Location  1, 
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